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Comment 1:

Response 1:

RTCsJCR-PCBHS.OJ5 md Draft final PCB HS Work Plm

Thank you for the opportunity to review the draft final Project Work
Plan for the PCB Hot Spot Time Critical Removal Action. DTSC
appreciates the modifications the Navy has made to the work plan
especially the activities to better characterize the post removal action
chemical and radiological contamination within the excavation area.

The scope ofthe removal action has changed to include the removal of
PCB contaminated soil from JR-02 under the PCB Hot Spot TCRA.
This modification does not appear to be included in the work plan.
Please include a description of the additional PCB contaminated soil
from JR-02 is included in the TCRA in the appropriate section of the
final work plan. We have no further comments at this time.

The removal of the subject PCB spots will be executed under the PCB
Hot Spot project and is outlined in a field change request (FCR
PCBHS-030). By allowing PCB Hot Spot to receive and screen the
PCB contaminated soils, the creation of an additional waste stream
under the IR-02 Northwest and Central project is avoided. The soils
will be handled using the same protocol as the soils excavated from the
PCB Hot Spot area and eventually characterized for waste disposal
purposes and disposed of with the other PCB contaminated soils. The
information in the FCR will be incorporated into the Final version of
the work plan for PCB Hot Spot.

An excerpt from FCR-PCBHS-030 reads as follows:

"The PCB Hot Spot Soil Excavation Site project (CTO 84) includes
removal of PCB contaminated soil to defined lateral and vertical
removal action objectives. According to historical data, the PCB
concentration in the grid 69 boring in IR-02 Northwest and Central is
110 ppm at 3.00 feet (ft) below ground surface (bgs), and in grid 103,
490 ppm at 2.75 ft bgs. Both borings contain PCB concentrations
greater than 100 ppm and will therefore be removed to comply with
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Code of Federal Regulations, Part 761, Disposal of PCBs; Final Rule.
The PCB Hot Spot excavation area will be expanded to include
removal of th~e PCB hot spots within the IR-02 Northwest and Central
excavation boundary, as it is set up to survey, handle and dispose of
PCB contaminated soils. The soil will be scanned for radioactive
contamination per FCR-IR02-018 (covering the surveying of soils
directly in the excavator bucket prior to being removed from the
excavation location), analyzed, processed and disposed of as outlined
the PCB Hot Spot Soil Excavation Site Work Plan."
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SAN FRANCISCO, CALIFORNIA

September 13, 2005

Michael Work
Superfund Division (SFD-8-3)
U.S. Environmental Protection Agency (EPA)

Section 5.14.2, Mass Excavation: It is possible that some of the
containers that are spread out on the pad may be corrosive or
otherwise incompatible with the 20-mil HDPE or PVC liner. It is
recommended that solid polyethylene trays be used to constntct the
pad to contain liquids.

In addition, if the containers break and liquids pool, chemical
reactions may occur. It may not be appropriate to pump pooled liquids
from the pad. Protocols for addressing the potential for minimizing
this potential or for addressing chemical reactions should they occur
should be included.

HDPE (high density polyethylene) and PVC (polyvinyl chloride) liners
are considered very durable materials for the application. The majority
of the volume of liquids possibly coming into contact with the liner are
oily materials and both HDPE and PVC has a very good oil
(hydrocarbon) resistance (e.g. 20-mil HDPE liner has 98 percent of its
strength retained after 30 days of immersion (ASTM D471». The
main compatibility concern is organic liquids/pure solvents; however,
during the cleanup activities, materials will only be in contact with the
liner for a short period of time. In addition, high concentrations of
liquids will be diluted by the presence of soil and therefore the ability
of reacting with the protective liner is reduced. Liner materials used
will be inspected prior to use and if affected, the liner will be replaced.

The text was revised to provide the option of using solid polyethylene
trays in the event large deteriorated drums/containers are discovered to
facilitate better means of retaining liquids.

Section 5.14.5, Special Handling: The text states that drums will be
taken to an "upwind staging and sampling area, " but this would result
in potential exposure of anyone downwind, so it appears that the text
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Response 2:

Comment 3:

Response 3:

Comment 4:

Response 4:

Comment 5:

should state that drums will be taken to a "downwind staging and
sampling area. "

The staging and sampling area will be located upwind. Windrose data
shows that the wind direction at PCB Hot Spot predominantly is to the
east. If a downwind area for handling was to be identified, it would
have to be located outside the excavation boundary to not affect
workers in the stockpile area. As unnecessary handling (movement) of
drums and containers with unknown chemical substances should be
avoided and materials cannot be moved outside the excavation
boundary, temporary staging and sampling is proposed to take place
adjacent and upwind to the actual burial site. A safe downwind
distance for workers from the actual excavation of drums, bottles, jars
and containers has been established (greater than 150 feet) and, not to
compromise this distance, any special handling will take place upwind
of the excavation.

Section 5.14.5.2, Bulging Containers: The text indicates that
"openings into pressurized drums will be plugged." but this may create
explosive conditions. Please verify that this is correct.

Plugging of pressurized drums will be performed with the intent to
release pressure by using pressure venting caps. In this way, explosive
conditions can be avoided. The sentence in Section 5.14.5.2 reads:
"....will be plugged and ......fitted with pressure venting caps...". If
pressurized containers are identified, they will be safely stored
temporarily outdoors to avoid any gases accumulation in an enclosed
area. A specialized gas cylinder and disposal subcontractor will be
called to handle containers with pressurized content.

Section 5.14.5.6, Air Reactive Wastes: The text only indicates that
materials suspected to be air reactive substances will be segregated
and transported to a separate high hazard interim storage and
disposal area, but does not include provision for problems that may
occur when such materials are exposed to air. For example, clean
sand could be used to smother flammable materials, if sand was on
hand at the materials handling area. Please briefly discuss provisions
for dealing with air reactive wastes that are exposed to air.

Air reactive wastes will be HazCat analyzed for identification and
stored under water or other appropriate liquid to minimize contact with
air. HazCat analyses will follow appropriate procedures and Activity
Hazard Analysis documents will be available. Section 5.14.4.6 was
supplemented with the following text: "If conditions become reactive,
clean sand can be used to smother flammable materials."

Disposal ofthese materials is not addressed in the work change order,
so it is unclear if incineration will be considered to destroy some of
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Response 5:

these unknown materials. Please clarify if incineration will be
considered as a disposal option.

Disposal of chemical materials will be carried out in accordance with
the Waste Management Plan (Section 7.0) included in the Work Plan.
Incineration will most likely be the most appropriate disposal option.
HazCat analyses will be performed to determine appropriate handling
and storage conditions and facilitate any possible waste consolidation.
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Comments dated:

Comments by:

Conllnentl:

Response 1:

RESPONSE TO COMMENTS ON
FIELD CHANGE REQUEST 035 (FCR-PCBHS-035)

SEPTEMBER 2005
PCB HOT SPOT SOIL EXCAVATION SITE

PARCELS E AND E-2, HUNTERS POINT SHIPYARD
SAN FRANCISCO, CALIFORNIA

September 14, 2005

Michael Work
Superfund Division (SFD-8-3)
U.S. Environmental Protection Agency (EPA)

It is unclear to EPA why some anomalies were not selected for further
evaluation. It is unclear to EPA why some anomalies were not selected
for further evaluation. For example, the signature of the anomalies
that extend from the southeastern portion of grid square 88 into the
northwestern and southern portions of grid square 79 is similar to
some ofthe other anomalies (e.g., E1 and E6) that will be investigated.
It seems unlikely that the signatures in these areas are attributable
only to the mapped surface features, so it is recommended that these
areas also be investigated by trenching.

The intent of the geophysical survey at PCB Hot Spot was to generate
information to be used to predict additional burial areas/sites within
the excavation boundary. This will allow for the field crew to be
infonned and take the appropriate precautions prior to the unearthing
of drums, bottles and containers with unknown chemical substances.
The geophysical survey data generated several suspect areas, of which
seven were selected for further potholing for validation of the
interpreted results. The basis for selecting the seven areas/ellipses for
potholing was that they were representative areas and that they each
generated different types of characteristic readings and geophysical
responses. By unearthing the selected seven representative areas, the
survey responses can be matched up with the actual material in the
ground. In this way, parallel predictions for the other areas with
similar responses can also be made confidently ahead of time without
having to pothole all suspect responses prior to the excavation of the
whole area.
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RESPONSE TO COMMENTS ON
FIELD CHANGE REQUEST 035 (FCR-PCBHS-035)

SEPTEMBER 2005
PCB HOT SPOT SOIL EXCAVATION SITE

PARCELS E AND E-2, HUNTERS POINT SHIPYARD
SAN FRANCISCO, CALIFORNIA

September 23,2005

Michael Work
Superfund Division (SFD-8-3)
U.S. Environmental Protection Agency (EPA)

Response to Comment 1 (dated September 13, 2005): The response
does not fully consider the potential incompatability of 20-mil high
density polyethylene (HDPE) or polyvinyl chloride (PVC) liners with
pure solvents or some acids. It suggests that if these materials are
only in contact with the liner for a short time problems will not occur,
but evidence to show that the liners would not breach in a short period
oftime was not included. It is also not clear how a spill, if it occurred,
would be cleaned up in a short time. Please provide the BCT with the
manufacturer's liner compatability data. Also, at a minimum, the
liners should be inspected for evidence of breaches (e.g., breaks,
bubbles, or distortion) on a frequent basis. Since the response
indicates that the option of using solid polyethylene trays has been
added to the Change Order, if liner breaches are observed, the field
team could switch from using 20-mil HDPE or PVC liners to solid
trays. Further, this response did not address whether it would be
appropriate to pump pooled liquids if chemical reactions occur or
provide any indication of actions that would be taken if chemical
reactions do occur. Please recommend that the HDPE or PVC liners
be inspected frequently and that ifany evidence that the liner integrity
has been compromised is observed, that solid polyethylene trays be
substituted for the liner. In addition, ways to identify chemical
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have contained gasoline. Hazcat analysis has shown that acids, bases,
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smaller volumes in bottles and smaller containers. As stated in the
field change request (FCR-PCBHS-035), the liner will be placed right
next to the specific burial site (i.e. within the excavation boundary
containing PCB and TPH contaminated soils) to protect against liquids
leaking from deteriorated containers and further contaminate the soil
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during the recovery activity. If a spill would occur, absorbent
materials and/or soil will be mixed in with the liquid to prevent the
liquid form escaping. This will also facilitate dilution of concentrated
liquids and easy collection with shovels or smaller equipment.
Containers will be over-packed and associated contaminated soil will
be segregated for waste characterization prior to disposal.

The 20-mil liner typically used at PCB Hot Spot is made of polyvinyl
chloride (PVC). A report showing chemical resistance of PVC to
organic compounds and extremely acidic and alkaline conditions is
attached to confirm compatibility (Reference; T. A. Ranney, L. V.
Parker, Susceptibility of ABS, FEP, FRE, FRP, PTFE and PVC Well
Casings to Degradation by Chemicals, US Army Environmental
Center, Aberdeen Proving Ground, Maryland, January 1995). In this
study PVC was evaluated for changes in weight and signs of physical
degradation. The results show that acetic acid, hydrochloric acid (25%
w/v), sodium hydroxide (25% w/v), benzyl and methyl alcohol,
gasoline, hexane and kerosene and carbon tetrachloride had little or no
effect on PVC, even after a long contact time (up to 112 days). The
study also showed that PVC was susceptible to degradation by
acetone, benzaldehyde, chloroform, 1,2-dichloroethane, methyl ethyl
ketone, methylene chloride and nitro benzene, indicating that PVC is
especially susceptible to neat polar, non-hydrogen-bonded solvents.
Given the fact that the drums and containers uncovered at PCB Hot
Spot contain blends of waste oils/liquids and greases opposed to neat
solvents of high concentrations, the 20-mil PVC liner is considered
appropriate to be used as a temporary barrier during excavation of
unknown chemicals.

The liner will be inspected for evidence of breaches on a frequent
basis. The subject FCR also outlines that if the liner integrity has been
compromised, solid trays will be used. Based on the intent to apply
absorbent materials or soil onto liquids, pooled liquids that need to be
pumped into a container are not expected to be generated. Also, high
concentrations of liquids will be diluted by the presence of soil and
therefore the ability of reacting is significantly reduced. In the event
pooled liquids would be generated and a chemical reaction would
occur, the field crew will follow OSHA guidelines regarding
identification and actions to be taken. The Basewide Health and
Safety Plan and the Site-specific Health and Safety Plan govern the
procedures to be applied.

Response to Comment 2 (dated September 13, 2005): The response
does not state that the fact that site workers will be in Level B
respiratory protection allows use ofan upwind staging area for drums
and containers. Since the Base Realignment and Closure (BRAC)
Cleanup Team (BeT) was informed that work would be conducted in
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Response 2:

Level B, it appears that use ofan upwind staging and sampling area is
not all issue for the polychlorinated biphenyl (PCB) Hotspot Area, but
the IR-02 exc~vation area is adjacent to and downwind of the PCB
Hotspot Area and workers in this area could also be impacted. Since
the IR-02 excavation is adjacent to alld downwind ofthe PCB Hotspot
area alld IR-02 workers do not wear respiratory protection,
continuous or frequent breathing zOlle monitoring for volatile organic
compounds should be implemented at the upwind edge ofIR-02.

FCR-PCBHS-035 (and the Final PCB Hot Spot Soil Excavation Site
Work Plan) states in Section 5.14.1 that site workers will be in Level B
PPE, which includes supplied air.

The predominant wind direction at PCB Hot Spot and IR-02
Northwest and Central is eastern (see Windrose data attached). This
ensures that the likelihood of IR-02 Northwest and Central being
impacted during excavation of containers with unknown content is
very small. A ISO-foot downwind safety distance has also been
established for site workers that are not wearing Level B PPE,
independently of the TCRA-site that they are working on. The Site
specific Health and Safety Plan outlines the monitoring requirements
for volatile organic compounds for the removal action. When it
became clear that PCB Hot Spot contained drums and containers with
unknown chemical substances, the personal air-monitoring
requirements were reconsidered. Consequently, Fills are now used as
well as Pills for organic compounds monitoring.
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ensures that the likelihood of IR-02 Northwest and Central being
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very small. A ISO-foot downwind safety distance has also been
established for site workers that are not wearing Level B PPE,
independently of the TCRA-site that they are working on. The Site
specific Health and Safety Plan outlines the monitoring requirements
for volatile organic compounds for the removal action. When it
became clear that PCB Hot Spot contained drums and containers with
unknown chemical substances, the personal air-monitoring
requirements were reconsidered. Consequently, Fills are now used as
well as Pills for organic compounds monitoring.
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Michael Work
Superfund Division (SFD-8-3)
U.S. Environmental Protection Agency (EPA)

Section 5. J4, Buried Drums, Bottles, Jars and Containers with
Unknown Content: While reviewing the insert pages for the Final
Project Work Plan, PCB Hot Spot Soil Excavation Site, Parcels E and
E-2, we identified the following potential "new" issue.

We know that at least one drum that contained VOCs, pesticides, and
PCBs, was punctured during excavation and that some or all of the
contents were released to the ground; we have also know that some of
the other drums were not intact (as ofa couple of weeks ago, we had
over-packed 93 drums).

The issue is this: it appears that the post-excavation confirmation
sampling does not include VOCs or SVOCs, which are likely present in
some of the drums. Since some drums are known to have leaked, soil
was likely contaminated, so therefore, it would seem necessary that the
post-excavation sampling include all of the constituents that were
disposed ofin the drums.

When the drum burial area was encountered in grids 88 and 89,
volatile hydrocarbons (VQC) were the first compounds measured for
in the field using a Pill. During those measurements, no VOCs were
identified. The laboratory analyses run on the punctured drum were
selected with the objective to identify its content from a health and
safety point out of concern for site-workers. The laboratory analyses
included total petroleum hydrocarbons (TPH) including gasoline,
extractable hydrocarbons and purgeable organics, organochlorine
pesticides, PCBs, potassium and phosphorous. Evaluation of the
results showed that the drum contained petroleum oils, PCBs and some
pesticides.

With this information at hand, post-excavation sampling of grids 88
and 89 will include an expanded suite of chemical analysis. In
addition to the currently established sampling protocol including PCB,
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TPH and radionuclides of concern, soil samples from the bottom of the
excavation will also be analyzed for VOCs, SVOC and organochlorine
pesticides. A'fIeld change notice and/or a Sampling and Analysis Plan
Addendum will be developed to include these analyses in the work
plan.
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Abstract
This study compares the chemical resistance of four less commonly used
rn<Jferials for casing groundwater monitoring wells: acrylonitrile butodlene
slyrene (ABS), fluorinated alhylene propylene (FEP), fiberglass-reinforced
epoxy (fRE), and fiberglass-reinforced plastic (FRP), with two more commonly
used casing moteriols: polyvinyl chloride (PVC) and palytelraftuoroelt1ylene
(PTFE). The six malerials were exposed to 28 neat organic compounds
(Including one acid) and to eldramely acidic and alkaline conditions for up to
112 days. This was dane tosimulatesome ofthe mastoggressiveenvironments
that monitoring well casings may be exposed to. The casings were observed for
changes in weight and signs of physical degrodatlon (swelling, solte11lng,
decrease in strength, deterloratlon, or dissolution). p.s expected, the two
fluorinated polymers (FEP and PTFE) werefhe most IneIfmctarials tesled. They
were not degraded by any of the test chemicals, although samples exposed to
a few organic chemicals did show 0 slight weight gain (-I %). Among the
nonnuorlnated producls lested. FRE was the most InertThree organic chemicals
caused particles to flake from the FRE sUrface, followed by separotioo of the
gloss fibers, and lwo organic chemicals caused weight gains exceeding 10%.
Also, highly acidic condifions (pH <1)degraded this material, andthls may limit
the use of this materlol In acidic environments. ABS was the most readily
degraded m01eriaL By the end of the study, only the acId and alkaline solutfons
had little effect on ASS. FRP was more severely degraded by the organic
C/1emlcols than FRE was, butwas Jess affected than PVC. Like FRE, FRP was elso
degfoded under hIghly acidic condl~ons.
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For conversIon of SI metric unils to U.SJBr"lsh customary units ormeasurement
consu« ASTM Standard E380-890, Stondard Practice forUse orrhe In/emational
System ofUnits, published by the Amertcan Society for Tesllng and Materlars,
1916 Race St., Philadelphia, Po. 19103.
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Susceptibility of ABS, FE~ FRE, FRp, PTFE, and
PVC Well Casings to Degradation by Chemicals
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INTRODUCTION

Ideally, any material used as either a well cas'
ing or a screen in a groundwater monitoring well
should retain sufficient strength once installed in
the well, should resist degradation by the envi
ronment, and should not affect contaminant con
centrations in samples by leaching or sorbing or
ganics or metals. Recent guidance by the U.S. En
vironmental Protection Agency (U.S. EPA 1992)
acknowledges that none of the most commonly
used well casi.ng materials in groundwater moni
lorhlg (polytetrafluoroethylene [PTFEj, polyvi
nyl chloride (PVC}, or stainless steel) can be used
for all monitoring applications. Strength consid
erations limit the depth to which PTFE, and to a
lesser extent PVC, can be used. The maximum
depth PTFE can be used is 225 to 375 it (69 to 114
m), while the maximum depth PVC can be used
is 1200 to 2000 it (366 to 610 m). While PTFE LS
very inert to degradation by chemicals (App. A,
B), PVC is degraded by several neat organic sol
vents, including low molecular weight ketones,
aldehydes, amines, and chlorinated alkanes and
alkenes (Barcelona et al. 1984). (See App. A and B
for specific chemicals.) PVC can also be degraded
by high concentrations (near solubility) of these
organic chemicals in aqueous solution (Berens
1985, Vonk 1985, 1986). Stainless steel will rust if
corrosive conditions exist. These include a pH
0::7.0, a dissolved oxygen content >2 ppm, H2S
levels ~l ppm, total dissolved solids content
>1000 ppm, CO2 levels >50 ppm, and Cl- concen
trations >500 ppm (Aller et al. 198~, modified
from Driscoll 1986). (Additional information on
the susceptlbility of stainless steel 304 and 316 to
~ wide range of chemicals can be found in the
Cole·Parmer catalog (Cole-Panner 1992) or in our

previous report (Ranney and Parker 19941). Also,
previous studies by this laboratory (Hewitt 1989,
1992, 1993, Parker et al. 1990, Ranney and Parker
1994) and others (Reynolds and Gillham 1985,
Gillham and O'Hannesin 1990, Reynolds et al
1990) have shown that none of these materials are
chemically inert with respect to sorption and
leaching of anaIytes of interest. In these studies,
PVC and PTFE sorbed organics, and PVC and 55
~rbed and leached metals.

Recently we started a series of laboratory
studies to determine the overatl suitability of four
other pipe and casing materials {acrylonitrile bu
tadiene styrene (ABS], fluorinated ethylene pro
pylene [FEP], fiberglass-reinforced epoxy [PREl,
a.nd fiberglass-reinforced plastic [FRPJ) for ground·
water monitoring applications. In the first study
we (Ranney and Parker 1994) compared sorption
of a. suite of dilute organic solutes by these four
materials, along with PVC and PTFE. We found
that ABS sorbed organic contaminants much
more rapidly and to a greater extent than the
other five materialsj losses ranged from 19 to 74"10
after only eight hours. On the other hand, FRE
and PVC were relatively nonsorptive, and by the
end of the study (6 weeks) losses were no greater
than 25%. PEp, FRP, and PTPE were intennediate
in their performance, and none of these materials
performed consistently better than the other.

We also found that ABS, FRP, and FRE le~dled

contaminants into the test solution. These con
taminants were observed ~:I spurious peaks in the
HPLC analyses. FRE leached one contaminant
while FRP and ASS lea<:hecl severoll contaminants
(five and eleven, respectively). Several of these
peaks were identified by purge and tra.p GC/MS
analyses. With respect to leaching, our results
agree well with those of Cowgill (1988) for FRE
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ganics or metals. Recent guidance by the U.S. En
vironmental Protection Agency (U.S. EPA 1992)
acknowledges that none of the most commonly
used well casi.ng materials in groundwater moni
lorhlg (polytetrafluoroethylene [PTFEj, polyvi
nyl chloride (PVC}, or stainless steel) can be used
for all monitoring applications. Strength consid
erations limit the depth to which PTFE, and to a
lesser extent PVC, can be used. The maximum
depth PTFE can be used is 225 to 375 it (69 to 114
m), while the maximum depth PVC can be used
is 1200 to 2000 it (366 to 610 m). While PTFE LS
very inert to degradation by chemicals (App. A,
B), PVC is degraded by several neat organic sol
vents, including low molecular weight ketones,
aldehydes, amines, and chlorinated alkanes and
alkenes (Barcelona et al. 1984). (See App. A and B
for specific chemicals.) PVC can also be degraded
by high concentrations (near solubility) of these
organic chemicals in aqueous solution (Berens
1985, Vonk 1985, 1986). Stainless steel will rust if
corrosive conditions exist. These include a pH
0::7.0, a dissolved oxygen content >2 ppm, H2S
levels ~l ppm, total dissolved solids content
>1000 ppm, CO2 levels >50 ppm, and Cl- concen
trations >500 ppm (Aller et al. 198~, modified
from Driscoll 1986). (Additional information on
the susceptlbility of stainless steel 304 and 316 to
~ wide range of chemicals can be found in the
Cole·Parmer catalog (Cole-Panner 1992) or in our

previous report (Ranney and Parker 19941). Also,
previous studies by this laboratory (Hewitt 1989,
1992, 1993, Parker et al. 1990, Ranney and Parker
1994) and others (Reynolds and Gillham 1985,
Gillham and O'Hannesin 1990, Reynolds et al
1990) have shown that none of these materials are
chemically inert with respect to sorption and
leaching of anaIytes of interest. In these studies,
PVC and PTFE sorbed organics, and PVC and 55
~rbed and leached metals.

Recently we started a series of laboratory
studies to determine the overatl suitability of four
other pipe and casing materials {acrylonitrile bu
tadiene styrene (ABS], fluorinated ethylene pro
pylene [FEP], fiberglass-reinforced epoxy [PREl,
a.nd fiberglass-reinforced plastic [FRPJ) for ground·
water monitoring applications. In the first study
we (Ranney and Parker 1994) compared sorption
of a. suite of dilute organic solutes by these four
materials, along with PVC and PTFE. We found
that ABS sorbed organic contaminants much
more rapidly and to a greater extent than the
other five materialsj losses ranged from 19 to 74"10
after only eight hours. On the other hand, FRE
and PVC were relatively nonsorptive, and by the
end of the study (6 weeks) losses were no greater
than 25%. PEp, FRP, and PTPE were intennediate
in their performance, and none of these materials
performed consistently better than the other.

We also found that ABS, FRP, and FRE le~dled

contaminants into the test solution. These con
taminants were observed ~:I spurious peaks in the
HPLC analyses. FRE leached one contaminant
while FRP and ASS lea<:hecl severoll contaminants
(five and eleven, respectively). Several of these
peaks were identified by purge and tra.p GC/MS
analyses. With respect to leaching, our results
agree well with those of Cowgill (1988) for FRE

DEC 05 2005 16:24 4156422097

I -

12/05/2005 05:18 FAX 4156422097 U SAVE
DEC-02-2005 15:49 LAYFIELD ENVIRONMENTAL

/

Susceptibility of ABS, FE~ FRE, FRp, PTFE, and
PVC Well Casings to Degradation by Chemicals

mOMAS A. RANNEY AND LOUISE V. PARKER

~013
6195621150 P.13

INTRODUCTION

Ideally, any material used as either a well cas'
ing or a screen in a groundwater monitoring well
should retain sufficient strength once installed in
the well, should resist degradation by the envi
ronment, and should not affect contaminant con
centrations in samples by leaching or sorbing or
ganics or metals. Recent guidance by the U.S. En
vironmental Protection Agency (U.S. EPA 1992)
acknowledges that none of the most commonly
used well casi.ng materials in groundwater moni
lorhlg (polytetrafluoroethylene [PTFEj, polyvi
nyl chloride (PVC}, or stainless steel) can be used
for all monitoring applications. Strength consid
erations limit the depth to which PTFE, and to a
lesser extent PVC, can be used. The maximum
depth PTFE can be used is 225 to 375 it (69 to 114
m), while the maximum depth PVC can be used
is 1200 to 2000 it (366 to 610 m). While PTFE LS
very inert to degradation by chemicals (App. A,
B), PVC is degraded by several neat organic sol
vents, including low molecular weight ketones,
aldehydes, amines, and chlorinated alkanes and
alkenes (Barcelona et al. 1984). (See App. A and B
for specific chemicals.) PVC can also be degraded
by high concentrations (near solubility) of these
organic chemicals in aqueous solution (Berens
1985, Vonk 1985, 1986). Stainless steel will rust if
corrosive conditions exist. These include a pH
0::7.0, a dissolved oxygen content >2 ppm, H2S
levels ~l ppm, total dissolved solids content
>1000 ppm, CO2 levels >50 ppm, and Cl- concen
trations >500 ppm (Aller et al. 198~, modified
from Driscoll 1986). (Additional information on
the susceptlbility of stainless steel 304 and 316 to
~ wide range of chemicals can be found in the
Cole·Parmer catalog (Cole-Panner 1992) or in our

previous report (Ranney and Parker 19941). Also,
previous studies by this laboratory (Hewitt 1989,
1992, 1993, Parker et al. 1990, Ranney and Parker
1994) and others (Reynolds and Gillham 1985,
Gillham and O'Hannesin 1990, Reynolds et al
1990) have shown that none of these materials are
chemically inert with respect to sorption and
leaching of anaIytes of interest. In these studies,
PVC and PTFE sorbed organics, and PVC and 55
~rbed and leached metals.

Recently we started a series of laboratory
studies to determine the overatl suitability of four
other pipe and casing materials {acrylonitrile bu
tadiene styrene (ABS], fluorinated ethylene pro
pylene [FEP], fiberglass-reinforced epoxy [PREl,
a.nd fiberglass-reinforced plastic [FRPJ) for ground·
water monitoring applications. In the first study
we (Ranney and Parker 1994) compared sorption
of a. suite of dilute organic solutes by these four
materials, along with PVC and PTFE. We found
that ABS sorbed organic contaminants much
more rapidly and to a greater extent than the
other five materialsj losses ranged from 19 to 74"10
after only eight hours. On the other hand, FRE
and PVC were relatively nonsorptive, and by the
end of the study (6 weeks) losses were no greater
than 25%. PEp, FRP, and PTPE were intennediate
in their performance, and none of these materials
performed consistently better than the other.

We also found that ABS, FRP, and FRE le~dled

contaminants into the test solution. These con
taminants were observed ~:I spurious peaks in the
HPLC analyses. FRE leached one contaminant
while FRP and ASS lea<:hecl severoll contaminants
(five and eleven, respectively). Several of these
peaks were identified by purge and tra.p GC/MS
analyses. With respect to leaching, our results
agree well with those of Cowgill (1988) for FRE

DEC 05 2005 16:24 4156422097



12/05/2005 05:18 FAX 4156422097 U SAVE
DEC-02-2005 16:49 LAYFIELD ENVIROt~ENTAL III 012

6195621150 P.12

and Barcelona et at (1985) and CU:rraIl and
Tomson (1983) for PTFE. Presumably FEP would
perform similarly to PTFE.

We concluded that FRE looked like the most
promising material for monitoring organics and
thnt ABS should not b~ used when monitoring or
ganics. However, any material that is going to be
used for monitoring organic contaminants should
also be relatively resistant to degradation by a wide
range of organic compounds and should ideally
be able to withstand acidic and alkaline environ
ments. This study compares the susceptibility of
ABS, FEP, FRE, FRP, PVC, and PIPE to degradation
by organic solvents and extremely acidic and alka
line conditions.

LITERATURE REVIEW

Information on the ability of these materials to
resist chemical degradation is sketchy. Most of
the inform~tionwe found was either provided by
the manufacturer or taken from the Cole~Parmer

catalog (1992) or the Nalge catalog (1994). FEP is
a copolymer of tetrafluoroethylene and hexafluoro
propylene, and like other fluoropolymers, such

as PTFE, it has excellent resistance to chemical at
tack by corrosive reagents and dissolution by sol
vents (Nalge 1994) (App. B). PRE is composed of
75"10 silica glass and 25% closed molecular epoxy,
and according to i13 manufacturer is impervious
to gasoline, hydrocarbon Flroducts, and most sol
vents and additives. The Cole-Parmer catalog
(1992) appears to support this claim for hydrocar
bons but not for all solvents. They report that
"epoxy" has good resistance to fuel oils, gasoline,
jet fuel, and kerosene. However, they also report
that epoxy is moderately affected by several ke
tones and is severely degraded by dich1oroeth
ane, dimethyl formamide, benzaldehyde, and
others. (See App. A for a more extensive listing.)
ABS is a terpolymer of acrylonitrile, butadiene,
and styrene. According to the Cole-Parmer cata
log (1992), it is severely degraded by a number of
organic chemicals, including several ketones,
chlorinated alkanes and alkenes, and several hy
drocarbons such as fuel oils, gasoline, and kero
sene. (See App. A for II. more extensive listing.)
However, it is important to note that the Cole
Parmer catalog does not give any detail on the
type ot epoxy or ASS materials that were tested.

FRP is composed of 70% fiberglass and 30%

)

Table 1. Chemicals used In testing polymeric materials lor weight
gain and degradation (Iwelling/softening. dissolution).
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Hydroa/rOOns (nlipMtk & arOTIIl1tlc)
Benzene
G<lsol1ne (93 omne, unleaded)
Hexane (85% N-h~xane)

Chlori1llJ/td solVtn/s (aliphatic & aromatic)
Bromocltloromethane
Carbon tetnchloride
ChIoroben7..ene
Chloroform
1.2-dichlorobenzene

O.:r:ygtn,colllnining compounds
l~lIhtr aketone, alcohol, aldthytlc. or ether)

Ac:elone
Benzaldehyde
Benzyl alcohol
CydohexQnono!

Nilroglm",ontllining comp/ll4llds
N·butvlamine
Diethylamine

Acids nmf btzsr.s
Ac:rlic add (glacial)
Hydrochloric add (25% wlv)

2

Kerosene (1<·1)
Toluene
o-xyletle

l,2-dichlo~ne

Ira/lS-l.2-dichloroethylene
Methylene chloride
TetfachloroethyJene
Trichloroethylene

Methyl alcohol
Methyl ethyl ketone
TelriUlydrofUIan

D1methyl£ormamide
Nitrobtl\7,ene

Sodium hydroxide (25% w/v)
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polyester resin. Its manufacturer claims that.."this
product is re."istant to corrosion but makes no

.claims about its resistance to organic solvents. Since
the manufacturer did not specify which particular
polyester was used in its product, we cannot dIs
cuss its chemical resistance except in generic terms.
According to Sax and Lewis (1987), polyesters are
resistant to corrosive chemicals and solvents. How
ever, Fuchs (1989) listed at least one organic com
pound that was a good solvent loreach of the poly
esters he listed.

Thus, among ABS. PEP and FRE, FEP appears
to be the most resistant polymer to degradation
while ABS is the least resistant.

MATERIALS AND METHODS

Six types of 5-cm- (2~in.-) diameter well casing
or pipe were used in this study: PVC, PTFE, FEe
ADS, FRE, and PRP. For PVC, PTFE, FRP, and
FRE, we used weU casings manufactured specifi
cally for groundwater monitoring. We were un-

able to find a manufacturer that made PEP well
casings but did find one that made "pipe for sam
pling groundwater." When we tried to purchase
the ABS well casing, we found that these manu
facturers had gone out of business so we pur
chased waste and vent pipe. Test specimens mea
suring approximately 1 cm2 were cut from each
pipe material. Special care was taken to eliminate
contamination from grease or oil during the cut
ting process. We noted that the cutting process
fractured some of the specimen edges of the two
fiberglass materials and were careful not to USe

any specimens with fractured edges. All the test
pieces were placed in 2% solutions of detergent
(Liql,linox) and deionized water and stirred for
five minutes, then rinsed repeatedly with de
ionized water until there was no evidence of
sudsing. The pieces were drained and rinsed
with several additionalvolumes of deionized Wa
ter, drained, and then left on paper towels to air
dry.

Each test specimen was weighed to ±O.OOOl
and placed in a 22-mL borosilicate glass vial.

Table 2. Percentage weight gain of PTfE exposed to chemical t:reatJI1,enl.

'\
Contact lime (riAys)

ChemicoJ 7 14 21 28 56 112

/
/

Acetic ~cid (glacial) 0.0 a.l 0.2 0.2 0.2 0,3 (l.4

Aeetotle 0.0 A.! 0.1 0.1 0.2 0.2 0.3
Benz.udehyde 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene 0.0 0.1 0.1 0.2 0.2 0.2 0.4
DenT.yl alcohol 0.0 0.0 0.0 0.0 0.0 D.O 0.0
8roDlochloromethsne 0.0 0.2 0.3 0.4 M D.6 0.7
N·bllty!llmine 0.0 0.0 0.1 0.1 0.1 0.1 0.2
Carbon tetrucl1loridte 0.0 0.1 0.2 0.2 0.3 0.4 0.6
ChlorobellZE'l1e 0.0 O.t 0.0 0.1 0.1 0.2 D.]
Chlorofonn 0.1 0.3 0.4 0.5 0.6 0.8 1.0
Cyclohexanone 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I,Z·dichlorobenzene 0.0 0.1 0,1 0.1 0.1 0.1 0.2
l,l-dlchloroethane 0.0 0.1 0.3 0.2 0.2 0.3 0.4
trar.s-l.2-d ic:hloroeth'!lene 0.3 0.8 J.l 1.2 1.3 l.4 1.4
Diethylaznine 0.0 0.1 0.1 0.1 0.2 0.3 0.5
DimethylfomwnlQe 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Gasoline (93 ocLme. Wlleacled) 0.0 OJ D.I 0.1 0.1 0.2 0.3
Hexane (85% N-hexaneJ 0.0 0.1 0.2 0.2 0.2 0.3 0.4
Hydroc:hlodc ~cld (25% ",/vl 0.0 0.0 0.0 0.0 0.0 0.0 QO
KQr05l!nll (1<-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Methyl akohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketotle 0.0 0.1 0.1 0.1 0.1 0,2 0.3
Methylene chloride 0.1 0.4 0.5 0.6 0.7 0.9 0.9
NittO~lU:ene 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Sodium hydroxide (25% will) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tctrachlor~thvltne 0.0 0.2 0.2 0.4 M 0.5 0.9
Tettahydru~n 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Toluene 0.0 0.0 OJ 0.1 0.1 0.2 0.2
TrichJoroet.'lylene 0.1 Q.4 0.5 0.7 0.8 1.0 l3
Il-lCylen.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1
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polyester resin. Its manufacturer claims that.."this
product is re."istant to corrosion but makes no

.claims about its resistance to organic solvents. Since
the manufacturer did not specify which particular
polyester was used in its product, we cannot dIs
cuss its chemical resistance except in generic terms.
According to Sax and Lewis (1987), polyesters are
resistant to corrosive chemicals and solvents. How
ever, Fuchs (1989) listed at least one organic com
pound that was a good solvent loreach of the poly
esters he listed.

Thus, among ABS. PEP and FRE, FEP appears
to be the most resistant polymer to degradation
while ABS is the least resistant.

MATERIALS AND METHODS

Six types of 5-cm- (2~in.-) diameter well casing
or pipe were used in this study: PVC, PTFE, FEe
ADS, FRE, and PRP. For PVC, PTFE, FRP, and
FRE, we used weU casings manufactured specifi
cally for groundwater monitoring. We were un-

able to find a manufacturer that made PEP well
casings but did find one that made "pipe for sam
pling groundwater." When we tried to purchase
the ABS well casing, we found that these manu
facturers had gone out of business so we pur
chased waste and vent pipe. Test specimens mea
suring approximately 1 cm2 were cut from each
pipe material. Special care was taken to eliminate
contamination from grease or oil during the cut
ting process. We noted that the cutting process
fractured some of the specimen edges of the two
fiberglass materials and were careful not to USe

any specimens with fractured edges. All the test
pieces were placed in 2% solutions of detergent
(Liql,linox) and deionized water and stirred for
five minutes, then rinsed repeatedly with de
ionized water until there was no evidence of
sudsing. The pieces were drained and rinsed
with several additionalvolumes of deionized Wa
ter, drained, and then left on paper towels to air
dry.

Each test specimen was weighed to ±O.OOOl
and placed in a 22-mL borosilicate glass vial.

Table 2. Percentage weight gain of PTfE exposed to chemical t:reatJI1,enl.

'\
Contact lime (riAys)

ChemicoJ 7 14 21 28 56 112

/
/

Acetic ~cid (glacial) 0.0 a.l 0.2 0.2 0.2 0,3 (l.4

Aeetotle 0.0 A.! 0.1 0.1 0.2 0.2 0.3
Benz.udehyde 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene 0.0 0.1 0.1 0.2 0.2 0.2 0.4
DenT.yl alcohol 0.0 0.0 0.0 0.0 0.0 D.O 0.0
8roDlochloromethsne 0.0 0.2 0.3 0.4 M D.6 0.7
N·bllty!llmine 0.0 0.0 0.1 0.1 0.1 0.1 0.2
Carbon tetrucl1loridte 0.0 0.1 0.2 0.2 0.3 0.4 0.6
ChlorobellZE'l1e 0.0 O.t 0.0 0.1 0.1 0.2 D.]
Chlorofonn 0.1 0.3 0.4 0.5 0.6 0.8 1.0
Cyclohexanone 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I,Z·dichlorobenzene 0.0 0.1 0,1 0.1 0.1 0.1 0.2
l,l-dlchloroethane 0.0 0.1 0.3 0.2 0.2 0.3 0.4
trar.s-l.2-d ic:hloroeth'!lene 0.3 0.8 J.l 1.2 1.3 l.4 1.4
Diethylaznine 0.0 0.1 0.1 0.1 0.2 0.3 0.5
DimethylfomwnlQe 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Gasoline (93 ocLme. Wlleacled) 0.0 OJ D.I 0.1 0.1 0.2 0.3
Hexane (85% N-hexaneJ 0.0 0.1 0.2 0.2 0.2 0.3 0.4
Hydroc:hlodc ~cld (25% ",/vl 0.0 0.0 0.0 0.0 0.0 0.0 QO
KQr05l!nll (1<-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Methyl akohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketotle 0.0 0.1 0.1 0.1 0.1 0,2 0.3
Methylene chloride 0.1 0.4 0.5 0.6 0.7 0.9 0.9
NittO~lU:ene 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Sodium hydroxide (25% will) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tctrachlor~thvltne 0.0 0.2 0.2 0.4 M 0.5 0.9
Tettahydru~n 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Toluene 0.0 0.0 OJ 0.1 0.1 0.2 0.2
TrichJoroet.'lylene 0.1 Q.4 0.5 0.7 0.8 1.0 l3
Il-lCylen.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1
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polyester resin. Its manufacturer claims that.."this
product is re."istant to corrosion but makes no

.claims about its resistance to organic solvents. Since
the manufacturer did not specify which particular
polyester was used in its product, we cannot dIs
cuss its chemical resistance except in generic terms.
According to Sax and Lewis (1987), polyesters are
resistant to corrosive chemicals and solvents. How
ever, Fuchs (1989) listed at least one organic com
pound that was a good solvent loreach of the poly
esters he listed.

Thus, among ABS. PEP and FRE, FEP appears
to be the most resistant polymer to degradation
while ABS is the least resistant.

MATERIALS AND METHODS

Six types of 5-cm- (2~in.-) diameter well casing
or pipe were used in this study: PVC, PTFE, FEe
ADS, FRE, and PRP. For PVC, PTFE, FRP, and
FRE, we used weU casings manufactured specifi
cally for groundwater monitoring. We were un-

able to find a manufacturer that made PEP well
casings but did find one that made "pipe for sam
pling groundwater." When we tried to purchase
the ABS well casing, we found that these manu
facturers had gone out of business so we pur
chased waste and vent pipe. Test specimens mea
suring approximately 1 cm2 were cut from each
pipe material. Special care was taken to eliminate
contamination from grease or oil during the cut
ting process. We noted that the cutting process
fractured some of the specimen edges of the two
fiberglass materials and were careful not to USe

any specimens with fractured edges. All the test
pieces were placed in 2% solutions of detergent
(Liql,linox) and deionized water and stirred for
five minutes, then rinsed repeatedly with de
ionized water until there was no evidence of
sudsing. The pieces were drained and rinsed
with several additionalvolumes of deionized Wa
ter, drained, and then left on paper towels to air
dry.

Each test specimen was weighed to ±O.OOOl
and placed in a 22-mL borosilicate glass vial.

Table 2. Percentage weight gain of PTfE exposed to chemical t:reatJI1,enl.

'\
Contact lime (riAys)

ChemicoJ 7 14 21 28 56 112

/
/

Acetic ~cid (glacial) 0.0 a.l 0.2 0.2 0.2 0,3 (l.4

Aeetotle 0.0 A.! 0.1 0.1 0.2 0.2 0.3
Benz.udehyde 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene 0.0 0.1 0.1 0.2 0.2 0.2 0.4
DenT.yl alcohol 0.0 0.0 0.0 0.0 0.0 D.O 0.0
8roDlochloromethsne 0.0 0.2 0.3 0.4 M D.6 0.7
N·bllty!llmine 0.0 0.0 0.1 0.1 0.1 0.1 0.2
Carbon tetrucl1loridte 0.0 0.1 0.2 0.2 0.3 0.4 0.6
ChlorobellZE'l1e 0.0 O.t 0.0 0.1 0.1 0.2 D.]
Chlorofonn 0.1 0.3 0.4 0.5 0.6 0.8 1.0
Cyclohexanone 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I,Z·dichlorobenzene 0.0 0.1 0,1 0.1 0.1 0.1 0.2
l,l-dlchloroethane 0.0 0.1 0.3 0.2 0.2 0.3 0.4
trar.s-l.2-d ic:hloroeth'!lene 0.3 0.8 J.l 1.2 1.3 l.4 1.4
Diethylaznine 0.0 0.1 0.1 0.1 0.2 0.3 0.5
DimethylfomwnlQe 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Gasoline (93 ocLme. Wlleacled) 0.0 OJ D.I 0.1 0.1 0.2 0.3
Hexane (85% N-hexaneJ 0.0 0.1 0.2 0.2 0.2 0.3 0.4
Hydroc:hlodc ~cld (25% ",/vl 0.0 0.0 0.0 0.0 0.0 0.0 QO
KQr05l!nll (1<-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Methyl akohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketotle 0.0 0.1 0.1 0.1 0.1 0,2 0.3
Methylene chloride 0.1 0.4 0.5 0.6 0.7 0.9 0.9
NittO~lU:ene 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Sodium hydroxide (25% will) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tctrachlor~thvltne 0.0 0.2 0.2 0.4 M 0.5 0.9
Tettahydru~n 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Toluene 0.0 0.0 OJ 0.1 0.1 0.2 0.2
TrichJoroet.'lylene 0.1 Q.4 0.5 0.7 0.8 1.0 l3
Il-lCylen.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1
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polyester resin. Its manufacturer claims that.."this
product is re."istant to corrosion but makes no

.claims about its resistance to organic solvents. Since
the manufacturer did not specify which particular
polyester was used in its product, we cannot dIs
cuss its chemical resistance except in generic terms.
According to Sax and Lewis (1987), polyesters are
resistant to corrosive chemicals and solvents. How
ever, Fuchs (1989) listed at least one organic com
pound that was a good solvent loreach of the poly
esters he listed.

Thus, among ABS. PEP and FRE, FEP appears
to be the most resistant polymer to degradation
while ABS is the least resistant.

MATERIALS AND METHODS

Six types of 5-cm- (2~in.-) diameter well casing
or pipe were used in this study: PVC, PTFE, FEe
ADS, FRE, and PRP. For PVC, PTFE, FRP, and
FRE, we used weU casings manufactured specifi
cally for groundwater monitoring. We were un-

able to find a manufacturer that made PEP well
casings but did find one that made "pipe for sam
pling groundwater." When we tried to purchase
the ABS well casing, we found that these manu
facturers had gone out of business so we pur
chased waste and vent pipe. Test specimens mea
suring approximately 1 cm2 were cut from each
pipe material. Special care was taken to eliminate
contamination from grease or oil during the cut
ting process. We noted that the cutting process
fractured some of the specimen edges of the two
fiberglass materials and were careful not to USe

any specimens with fractured edges. All the test
pieces were placed in 2% solutions of detergent
(Liql,linox) and deionized water and stirred for
five minutes, then rinsed repeatedly with de
ionized water until there was no evidence of
sudsing. The pieces were drained and rinsed
with several additionalvolumes of deionized Wa
ter, drained, and then left on paper towels to air
dry.

Each test specimen was weighed to ±O.OOOl
and placed in a 22-mL borosilicate glass vial.

Table 2. Percentage weight gain of PTfE exposed to chemical t:reatJI1,enl.

'\
Contact lime (riAys)

ChemicoJ 7 14 21 28 56 112

/
/

Acetic ~cid (glacial) 0.0 a.l 0.2 0.2 0.2 0,3 (l.4

Aeetotle 0.0 A.! 0.1 0.1 0.2 0.2 0.3
Benz.udehyde 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene 0.0 0.1 0.1 0.2 0.2 0.2 0.4
DenT.yl alcohol 0.0 0.0 0.0 0.0 0.0 D.O 0.0
8roDlochloromethsne 0.0 0.2 0.3 0.4 M D.6 0.7
N·bllty!llmine 0.0 0.0 0.1 0.1 0.1 0.1 0.2
Carbon tetrucl1loridte 0.0 0.1 0.2 0.2 0.3 0.4 0.6
ChlorobellZE'l1e 0.0 O.t 0.0 0.1 0.1 0.2 D.]
Chlorofonn 0.1 0.3 0.4 0.5 0.6 0.8 1.0
Cyclohexanone 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I,Z·dichlorobenzene 0.0 0.1 0,1 0.1 0.1 0.1 0.2
l,l-dlchloroethane 0.0 0.1 0.3 0.2 0.2 0.3 0.4
trar.s-l.2-d ic:hloroeth'!lene 0.3 0.8 J.l 1.2 1.3 l.4 1.4
Diethylaznine 0.0 0.1 0.1 0.1 0.2 0.3 0.5
DimethylfomwnlQe 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Gasoline (93 ocLme. Wlleacled) 0.0 OJ D.I 0.1 0.1 0.2 0.3
Hexane (85% N-hexaneJ 0.0 0.1 0.2 0.2 0.2 0.3 0.4
Hydroc:hlodc ~cld (25% ",/vl 0.0 0.0 0.0 0.0 0.0 0.0 QO
KQr05l!nll (1<-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Methyl akohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketotle 0.0 0.1 0.1 0.1 0.1 0,2 0.3
Methylene chloride 0.1 0.4 0.5 0.6 0.7 0.9 0.9
NittO~lU:ene 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Sodium hydroxide (25% will) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tctrachlor~thvltne 0.0 0.2 0.2 0.4 M 0.5 0.9
Tettahydru~n 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Toluene 0.0 0.0 OJ 0.1 0.1 0.2 0.2
TrichJoroet.'lylene 0.1 Q.4 0.5 0.7 0.8 1.0 l3
Il-lCylen.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1
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polyester resin. Its manufacturer claims that.."this
product is re."istant to corrosion but makes no

.claims about its resistance to organic solvents. Since
the manufacturer did not specify which particular
polyester was used in its product, we cannot dIs
cuss its chemical resistance except in generic terms.
According to Sax and Lewis (1987), polyesters are
resistant to corrosive chemicals and solvents. How
ever, Fuchs (1989) listed at least one organic com
pound that was a good solvent loreach of the poly
esters he listed.

Thus, among ABS. PEP and FRE, FEP appears
to be the most resistant polymer to degradation
while ABS is the least resistant.

MATERIALS AND METHODS

Six types of 5-cm- (2~in.-) diameter well casing
or pipe were used in this study: PVC, PTFE, FEe
ADS, FRE, and PRP. For PVC, PTFE, FRP, and
FRE, we used weU casings manufactured specifi
cally for groundwater monitoring. We were un-

able to find a manufacturer that made PEP well
casings but did find one that made "pipe for sam
pling groundwater." When we tried to purchase
the ABS well casing, we found that these manu
facturers had gone out of business so we pur
chased waste and vent pipe. Test specimens mea
suring approximately 1 cm2 were cut from each
pipe material. Special care was taken to eliminate
contamination from grease or oil during the cut
ting process. We noted that the cutting process
fractured some of the specimen edges of the two
fiberglass materials and were careful not to USe

any specimens with fractured edges. All the test
pieces were placed in 2% solutions of detergent
(Liql,linox) and deionized water and stirred for
five minutes, then rinsed repeatedly with de
ionized water until there was no evidence of
sudsing. The pieces were drained and rinsed
with several additionalvolumes of deionized Wa
ter, drained, and then left on paper towels to air
dry.

Each test specimen was weighed to ±O.OOOl
and placed in a 22-mL borosilicate glass vial.

Table 2. Percentage weight gain of PTfE exposed to chemical t:reatJI1,enl.

'\
Contact lime (riAys)

ChemicoJ 7 14 21 28 56 112

/
/

Acetic ~cid (glacial) 0.0 a.l 0.2 0.2 0.2 0,3 (l.4

Aeetotle 0.0 A.! 0.1 0.1 0.2 0.2 0.3
Benz.udehyde 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzene 0.0 0.1 0.1 0.2 0.2 0.2 0.4
DenT.yl alcohol 0.0 0.0 0.0 0.0 0.0 D.O 0.0
8roDlochloromethsne 0.0 0.2 0.3 0.4 M D.6 0.7
N·bllty!llmine 0.0 0.0 0.1 0.1 0.1 0.1 0.2
Carbon tetrucl1loridte 0.0 0.1 0.2 0.2 0.3 0.4 0.6
ChlorobellZE'l1e 0.0 O.t 0.0 0.1 0.1 0.2 D.]
Chlorofonn 0.1 0.3 0.4 0.5 0.6 0.8 1.0
Cyclohexanone 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I,Z·dichlorobenzene 0.0 0.1 0,1 0.1 0.1 0.1 0.2
l,l-dlchloroethane 0.0 0.1 0.3 0.2 0.2 0.3 0.4
trar.s-l.2-d ic:hloroeth'!lene 0.3 0.8 J.l 1.2 1.3 l.4 1.4
Diethylaznine 0.0 0.1 0.1 0.1 0.2 0.3 0.5
DimethylfomwnlQe 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Gasoline (93 ocLme. Wlleacled) 0.0 OJ D.I 0.1 0.1 0.2 0.3
Hexane (85% N-hexaneJ 0.0 0.1 0.2 0.2 0.2 0.3 0.4
Hydroc:hlodc ~cld (25% ",/vl 0.0 0.0 0.0 0.0 0.0 0.0 QO
KQr05l!nll (1<-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Methyl akohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketotle 0.0 0.1 0.1 0.1 0.1 0,2 0.3
Methylene chloride 0.1 0.4 0.5 0.6 0.7 0.9 0.9
NittO~lU:ene 0.1 0.1 0.1 0.0 0.1 0.1 0.1
Sodium hydroxide (25% will) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tctrachlor~thvltne 0.0 0.2 0.2 0.4 M 0.5 0.9
Tettahydru~n 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Toluene 0.0 0.0 OJ 0.1 0.1 0.2 0.2
TrichJoroet.'lylene 0.1 Q.4 0.5 0.7 0.8 1.0 l3
Il-lCylen.. 0.0 0.0 0.0 0.0 0.0 0.1 0.1
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Thble 3. Percentage weigh~gain of FEP exposed to chemical treatment.

CCrttnct tlmt (dal/S)
Ciu'mi!:al 7 14 21 28 56 112

Acetic add (glacial) 0.0 0.1 0.1 0.1 0.2 0.2 0.3
Acetone 0.0 0.1 0.1 0.1 0.2 0.2 0.2

'Benzaldehyde 0.0 0.0 0.0 0.1 0.1 0.0 0.0
Benzene 0.1 0.1 0.1 0.2 O.l 0.2 0.3
Benzyl alcohol 0.0 0.0 0.0 0.0 0.0 0.1 0.0
BromochlorolI\l1l:hane 0.0 0.1 0.1 0..3 0.3 0.4 0.6
N-butylam.ine 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Carbon tetrachloride 0.0 0.1 0.1 0.2 0.2 0.4 0.4
Chlorobenzene 0.0 0.1 0.1 0.1 0.1 0.2 0.3
Chloroform 0.1 0.2 0.3 0.4 0.5 0.6 0.8
Cydoltexanolll! 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1,2·dichlorobl!n:tene 0.0 0.1 0.1 0.1 D.I 0.1 0.1
l,2~iduoro ..thane 0.0 0.1 O.Z 0.1 0.2 0.3 0.3
trans-l,2-dichloroet!\ylene 0.3 0.7 D.9 1.0 l.1 1.2 1.2
Diethylamine 0.0 0.0 0.0 0.0 0.1 0.2 0.3
Dimethylforrnamide 0.0 0.1 0.1 0.0 D.1 0.0 0.1
Gasoline (93 octMe. unleaded) 0.11 U.l 0.1 0.1 0.1 0.1 0.2
Hexane (85% N-hexane) 0.0 0.1 0.1 0.1 0.1 0.2 0.2
Hydrochloric "cid (ZS'Yo w/v) 0.0 0.0 0.0 0.0 -{J.l 0.1 0.0
Kerosene (K.l) 0.1 0.1 0.1 0.0 0.0 0.0 0.0
I'v1ethyl ~kohol 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Methyl ethyl ketone 0.0 0.1 0.1 0.1 0.1 0.1 0.2.
Methylene chloride 0.1 04 0.4 0.5 05 0.7 0.8
Nitrobenzene 0.1 0.0 0.1 0.0 0.1 0.0 0.0
Sodium hydroxide (25% w/v) 0.0 0.0 0.0 0.0 0.0 0.0 0.1
T~tnchloroethylene 0.0 0.1 0.2 0.2 D.3 0.4 0.6
Tlltnhydrofuran 0.0 0.0 0.1 0.1 0.1 0.1 0.3
Toluene 0.0 0.1 0.1 0.1 0.1 0,2 0.2
Trichloroeiliyhme 0.2 0.4 0.3 0.5 0.6 0.8 1.1
~xylenc 0.0 0.0 0.1 0.0 0.0 0.0 0.1

'--

Twenty-eight neat organic compounds (including mined by seeing if the specimen could be easily
one acid), and 25% solutions of hydrochloric add indented with the forceps using an untreated
and sodium hydrOXide (Table 1) were used in this piece of material as a reference. After weighing,
study. Twenty-seven neat organic solvents were the specimen was returned to its vial and the vial
tested, including six hydrocarbons (aliphatic and was recapped. Test samples were stored at room
aromatic), ten chlorinated solvents (aliphatic and temperature.
aromatic), seven oxygen-containing compounds
(that were either a ketone, alcohol, aldehyde, or
ether), and four nitrogen-containing compounds. RESULTS AND DISCUSSION
Most of the test compounds were EPA priority
pollutants. Five mL of the test chemical were Tables 2-7 show the percentage weight gains
added to a vial and the vial was sealed with a for the six materials and any other observations
Teflon-lined, plastic cap. There were no replicate relative to physical degradation (swelling, soften-
samples in this study. There were seven sampling ing, decrease in strength, deterioration, and dis-
times: 1, 7, 14, 21,28,56, and 112 days. On each solution).
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with a paper towel and allowed to air dry for by the end of the study they did show slight
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l,2~iduoro ..thane 0.0 0.1 O.Z 0.1 0.2 0.3 0.3
trans-l,2-dichloroet!\ylene 0.3 0.7 D.9 1.0 l.1 1.2 1.2
Diethylamine 0.0 0.0 0.0 0.0 0.1 0.2 0.3
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study. Twenty-seven neat organic solvents were the specimen was returned to its vial and the vial
tested, including six hydrocarbons (aliphatic and was recapped. Test samples were stored at room
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(that were either a ketone, alcohol, aldehyde, or
ether), and four nitrogen-containing compounds. RESULTS AND DISCUSSION
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samples in this study. There were seven sampling ing, decrease in strength, deterioration, and dis-
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from the vial using stainless steel forceps, blotted nized as being inert to degradation by chemicals,
with a paper towel and allowed to air dry for by the end of the study they did show slight
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and sodium hydrOXide (Table 1) were used in this piece of material as a reference. After weighing,
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tested, including six hydrocarbons (aliphatic and was recapped. Test samples were stored at room
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aromatic), seven oxygen-containing compounds
(that were either a ketone, alcohol, aldehyde, or
ether), and four nitrogen-containing compounds. RESULTS AND DISCUSSION
Most of the test compounds were EPA priority
pollutants. Five mL of the test chemical were Tables 2-7 show the percentage weight gains
added to a vial and the vial was sealed with a for the six materials and any other observations
Teflon-lined, plastic cap. There were no replicate relative to physical degradation (swelling, soften-
samples in this study. There were seven sampling ing, decrease in strength, deterioration, and dis-
times: 1, 7, 14, 21,28,56, and 112 days. On each solution).
sampling. day, each test coupon was removed Although PTFE and FEP are generally recog-
from the vial using stainless steel forceps, blotted nized as being inert to degradation by chemicals,
with a paper towel and allowed to air dry for by the end of the study they did show slight
apprOXimately one minute before weighing (to ± weight gains (-1%) when e><posed to five organic
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one acid), and 25% solutions of hydrochloric add indented with the forceps using an untreated
and sodium hydrOXide (Table 1) were used in this piece of material as a reference. After weighing,
study. Twenty-seven neat organic solvents were the specimen was returned to its vial and the vial
tested, including six hydrocarbons (aliphatic and was recapped. Test samples were stored at room
aromatic), ten chlorinated solvents (aliphatic and temperature.
aromatic), seven oxygen-containing compounds
(that were either a ketone, alcohol, aldehyde, or
ether), and four nitrogen-containing compounds. RESULTS AND DISCUSSION
Most of the test compounds were EPA priority
pollutants. Five mL of the test chemical were Tables 2-7 show the percentage weight gains
added to a vial and the vial was sealed with a for the six materials and any other observations
Teflon-lined, plastic cap. There were no replicate relative to physical degradation (swelling, soften-
samples in this study. There were seven sampling ing, decrease in strength, deterioration, and dis-
times: 1, 7, 14, 21,28,56, and 112 days. On each solution).
sampling. day, each test coupon was removed Although PTFE and FEP are generally recog-
from the vial using stainless steel forceps, blotted nized as being inert to degradation by chemicals,
with a paper towel and allowed to air dry for by the end of the study they did show slight
apprOXimately one minute before weighing (to ± weight gains (-1%) when e><posed to five organic
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one acid), and 25% solutions of hydrochloric add indented with the forceps using an untreated
and sodium hydrOXide (Table 1) were used in this piece of material as a reference. After weighing,
study. Twenty-seven neat organic solvents were the specimen was returned to its vial and the vial
tested, including six hydrocarbons (aliphatic and was recapped. Test samples were stored at room
aromatic), ten chlorinated solvents (aliphatic and temperature.
aromatic), seven oxygen-containing compounds
(that were either a ketone, alcohol, aldehyde, or
ether), and four nitrogen-containing compounds. RESULTS AND DISCUSSION
Most of the test compounds were EPA priority
pollutants. Five mL of the test chemical were Tables 2-7 show the percentage weight gains
added to a vial and the vial was sealed with a for the six materials and any other observations
Teflon-lined, plastic cap. There were no replicate relative to physical degradation (swelling, soften-
samples in this study. There were seven sampling ing, decrease in strength, deterioration, and dis-
times: 1, 7, 14, 21,28,56, and 112 days. On each solution).
sampling. day, each test coupon was removed Although PTFE and FEP are generally recog-
from the vial using stainless steel forceps, blotted nized as being inert to degradation by chemicals,
with a paper towel and allowed to air dry for by the end of the study they did show slight
apprOXimately one minute before weighing (to ± weight gains (-1%) when e><posed to five organic
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Table 4. Percentage weight gain of FRE exposed to C'hentIcal treatment.
J:

Canted time (J41{$)

Chrnlical 14 21 28 55 Il2

Acetic acid (glacial) 0.9 2.3' 3.1 3.6 3.6 }'

Acetone 0.6 La 1.8 1.9 2.0 2.2 2.1
Benzaldehyde 0.1 0.1 0.5 0.4 0.3 0.2 0.3
Benzene 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzyl alcohol 0.1 0.1 0.3 0.1 0.1 0.1 0.1
Bl'Omochloromethane 6.2 11.4 20.8 23.5 24.1 25.6 26.2
N-butylilmll\tl l.S of

Carbon tetrachloride 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Chlorobenzene 0.3 0.3 0.3 0.2 0.1 0.1 0.2
Chloroform 0.3 1.8 4.9 4.7 5.5 6.2 1.3
Cydohel<Mone 0.0 0.0 0.7 -0.1 -0.1 -0.1 -0.1
1.2-dichlo:obenzene 0.1 0.1 0.0 0.1 0.1 0.1 0.1
1.2·dtch!oroethan~ 0.1 0.4 1.3 2.1 2.7 2.8 3.1
trnns-1.2-dtchJoroethylene 0.0 0.4 0.7 1.2 2.4 4.6 8.1
Di.thylam\n~ 0.2 1.8 2.0 1.9 2.0 20 2.0
DlmethylfortnarnJde 1.8 3.0' F
CilSoline (93 octane. unleaded) 0.0 0.0 0.1 -0.1 -0.1 -0.1 -0.1
Hexane (35% N-hexane) 0.0 0.0 0.0 0.0 -{J.1 -0.2 ..{).l
Hydrochloric acid (25% wlv) 0.1 0.3 0.1 -1).2 -1).4 -1.9 -4.7
I<erosene (1<-1) 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Methyl alcohol 0.5 1.8 2.9 3.'2 3.9 5.2 7.7
Methyl ethyl Ic.eton~ 0.2 1.3 2.2 2.4 2.4 2.6 3.0

Methylene chloride 4.3 9.7 14.4 15.0 15.4 15.3 15.6
Nib'oben.tene 0.3 OOS 0.6 0..5 0.3 O.S 0.4
Sodium hydro'Cide (25% w/v) 0.1 0.2 0.2 0.0 0.2 0.2 0.2
retr~chloroethylen(.> 0.0 0.0 0.1 -0.1 0.0 0.0 0.0
Tetnhydroturan 0.2 0.7 1.6 2.2 2.6 3.1 3.3
Toluene 0.0 0.0 0.0 -1).1 0.0 0.0 0.0
trichlomE!thyle:1.e 0.1 0.2 0.2 0.2 0.2 0.3 0.3

)., o·xylelll~ 0.0 0.0 0.0 -0.1 ...(J.1 -1).1 -0.1

• particles beg-an to flake off coupon
f fibers sep..rat~d

)
/.

chloroothylene) (Tables 2, 3). The weight gains
were slightly less for FEP than PTFE.We did not
observe any softening, swelling. or decrease in
strength in any of these samples when compared
with unexposed test pieces. For reference, the fi
nal pH of the 25% Hel solution containing the
PTFE samples was -0.75 and the final pH of the
25% NaOH solution containing the PTFE samples
waS 13.4. .

The PRE well casing material used in this
study had a glossy external surface and a dull
(frosted) internal surface. Three organic chemi
cals (acetic acid, N-butylamine, and dimethyl,
formamide) caused some flaking of the external
surface within the first week and separation 'of
the glass fibers after one to eight weeks. N-butyl
amine delaminated FRE after five weeks. The
particles that fll\ked off the test pieces did not ap
pear to dissolve with time. No further weight

s

mei\surements Were made on these samples.
Eight other samples had weight gains of 1 to 10%,
and samples exposed to bromochloromethane
(26.2%) and methylene chloride (15.6%) had the
largest weight gains (Table 4). The sample ex
posed to the hydrochloric acid .solution lost
weight (-5%), most llkely a result of loss of the
epoxy resin. The alkaline solution had no effect
on this material. None of the FRE specimens ap
peared to swel..l or soften, not even the sample3
with the largest weIght gain. Some £raying of the
edges was observed on some specimens, but it
is not clear whether this was due to chemical ex
posure, cutting, or handling. In general, FRS did
not appear to be affected by the hydrocarbons or
aromatic solvents.

FRP was more severely degraded than the pre
vious materials. Eight oxganic: solvents (bromo
chloromethane, N,butylamine, chlorofonn, 1,2-
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CilSoline (93 octane. unleaded) 0.0 0.0 0.1 -0.1 -0.1 -0.1 -0.1
Hexane (35% N-hexane) 0.0 0.0 0.0 0.0 -{J.1 -0.2 ..{).l
Hydrochloric acid (25% wlv) 0.1 0.3 0.1 -1).2 -1).4 -1.9 -4.7
I<erosene (1<-1) 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Methyl alcohol 0.5 1.8 2.9 3.'2 3.9 5.2 7.7
Methyl ethyl Ic.eton~ 0.2 1.3 2.2 2.4 2.4 2.6 3.0

Methylene chloride 4.3 9.7 14.4 15.0 15.4 15.3 15.6
Nib'oben.tene 0.3 OOS 0.6 0..5 0.3 O.S 0.4
Sodium hydro'Cide (25% w/v) 0.1 0.2 0.2 0.0 0.2 0.2 0.2
retr~chloroethylen(.> 0.0 0.0 0.1 -0.1 0.0 0.0 0.0
Tetnhydroturan 0.2 0.7 1.6 2.2 2.6 3.1 3.3
Toluene 0.0 0.0 0.0 -1).1 0.0 0.0 0.0
trichlomE!thyle:1.e 0.1 0.2 0.2 0.2 0.2 0.3 0.3

)., o·xylelll~ 0.0 0.0 0.0 -0.1 ...(J.1 -1).1 -0.1

• particles beg-an to flake off coupon
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chloroothylene) (Tables 2, 3). The weight gains
were slightly less for FEP than PTFE.We did not
observe any softening, swelling. or decrease in
strength in any of these samples when compared
with unexposed test pieces. For reference, the fi
nal pH of the 25% Hel solution containing the
PTFE samples was -0.75 and the final pH of the
25% NaOH solution containing the PTFE samples
waS 13.4. .

The PRE well casing material used in this
study had a glossy external surface and a dull
(frosted) internal surface. Three organic chemi
cals (acetic acid, N-butylamine, and dimethyl,
formamide) caused some flaking of the external
surface within the first week and separation 'of
the glass fibers after one to eight weeks. N-butyl
amine delaminated FRE after five weeks. The
particles that fll\ked off the test pieces did not ap
pear to dissolve with time. No further weight

s

mei\surements Were made on these samples.
Eight other samples had weight gains of 1 to 10%,
and samples exposed to bromochloromethane
(26.2%) and methylene chloride (15.6%) had the
largest weight gains (Table 4). The sample ex
posed to the hydrochloric acid .solution lost
weight (-5%), most llkely a result of loss of the
epoxy resin. The alkaline solution had no effect
on this material. None of the FRE specimens ap
peared to swel..l or soften, not even the sample3
with the largest weIght gain. Some £raying of the
edges was observed on some specimens, but it
is not clear whether this was due to chemical ex
posure, cutting, or handling. In general, FRS did
not appear to be affected by the hydrocarbons or
aromatic solvents.

FRP was more severely degraded than the pre
vious materials. Eight oxganic: solvents (bromo
chloromethane, N,butylamine, chlorofonn, 1,2-
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Table 4. Percentage weight gain of FRE exposed to C'hentIcal treatment.
J:

Canted time (J41{$)

Chrnlical 14 21 28 55 Il2

Acetic acid (glacial) 0.9 2.3' 3.1 3.6 3.6 }'

Acetone 0.6 La 1.8 1.9 2.0 2.2 2.1
Benzaldehyde 0.1 0.1 0.5 0.4 0.3 0.2 0.3
Benzene 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzyl alcohol 0.1 0.1 0.3 0.1 0.1 0.1 0.1
Bl'Omochloromethane 6.2 11.4 20.8 23.5 24.1 25.6 26.2
N-butylilmll\tl l.S of

Carbon tetrachloride 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Chlorobenzene 0.3 0.3 0.3 0.2 0.1 0.1 0.2
Chloroform 0.3 1.8 4.9 4.7 5.5 6.2 1.3
Cydohel<Mone 0.0 0.0 0.7 -0.1 -0.1 -0.1 -0.1
1.2-dichlo:obenzene 0.1 0.1 0.0 0.1 0.1 0.1 0.1
1.2·dtch!oroethan~ 0.1 0.4 1.3 2.1 2.7 2.8 3.1
trnns-1.2-dtchJoroethylene 0.0 0.4 0.7 1.2 2.4 4.6 8.1
Di.thylam\n~ 0.2 1.8 2.0 1.9 2.0 20 2.0
DlmethylfortnarnJde 1.8 3.0' F
CilSoline (93 octane. unleaded) 0.0 0.0 0.1 -0.1 -0.1 -0.1 -0.1
Hexane (35% N-hexane) 0.0 0.0 0.0 0.0 -{J.1 -0.2 ..{).l
Hydrochloric acid (25% wlv) 0.1 0.3 0.1 -1).2 -1).4 -1.9 -4.7
I<erosene (1<-1) 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Methyl alcohol 0.5 1.8 2.9 3.'2 3.9 5.2 7.7
Methyl ethyl Ic.eton~ 0.2 1.3 2.2 2.4 2.4 2.6 3.0

Methylene chloride 4.3 9.7 14.4 15.0 15.4 15.3 15.6
Nib'oben.tene 0.3 OOS 0.6 0..5 0.3 O.S 0.4
Sodium hydro'Cide (25% w/v) 0.1 0.2 0.2 0.0 0.2 0.2 0.2
retr~chloroethylen(.> 0.0 0.0 0.1 -0.1 0.0 0.0 0.0
Tetnhydroturan 0.2 0.7 1.6 2.2 2.6 3.1 3.3
Toluene 0.0 0.0 0.0 -1).1 0.0 0.0 0.0
trichlomE!thyle:1.e 0.1 0.2 0.2 0.2 0.2 0.3 0.3

)., o·xylelll~ 0.0 0.0 0.0 -0.1 ...(J.1 -1).1 -0.1

• particles beg-an to flake off coupon
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chloroothylene) (Tables 2, 3). The weight gains
were slightly less for FEP than PTFE.We did not
observe any softening, swelling. or decrease in
strength in any of these samples when compared
with unexposed test pieces. For reference, the fi
nal pH of the 25% Hel solution containing the
PTFE samples was -0.75 and the final pH of the
25% NaOH solution containing the PTFE samples
waS 13.4. .

The PRE well casing material used in this
study had a glossy external surface and a dull
(frosted) internal surface. Three organic chemi
cals (acetic acid, N-butylamine, and dimethyl,
formamide) caused some flaking of the external
surface within the first week and separation 'of
the glass fibers after one to eight weeks. N-butyl
amine delaminated FRE after five weeks. The
particles that fll\ked off the test pieces did not ap
pear to dissolve with time. No further weight

s

mei\surements Were made on these samples.
Eight other samples had weight gains of 1 to 10%,
and samples exposed to bromochloromethane
(26.2%) and methylene chloride (15.6%) had the
largest weight gains (Table 4). The sample ex
posed to the hydrochloric acid .solution lost
weight (-5%), most llkely a result of loss of the
epoxy resin. The alkaline solution had no effect
on this material. None of the FRE specimens ap
peared to swel..l or soften, not even the sample3
with the largest weIght gain. Some £raying of the
edges was observed on some specimens, but it
is not clear whether this was due to chemical ex
posure, cutting, or handling. In general, FRS did
not appear to be affected by the hydrocarbons or
aromatic solvents.

FRP was more severely degraded than the pre
vious materials. Eight oxganic: solvents (bromo
chloromethane, N,butylamine, chlorofonn, 1,2-
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Table 4. Percentage weight gain of FRE exposed to C'hentIcal treatment.
J:

Canted time (J41{$)

Chrnlical 14 21 28 55 Il2

Acetic acid (glacial) 0.9 2.3' 3.1 3.6 3.6 }'

Acetone 0.6 La 1.8 1.9 2.0 2.2 2.1
Benzaldehyde 0.1 0.1 0.5 0.4 0.3 0.2 0.3
Benzene 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzyl alcohol 0.1 0.1 0.3 0.1 0.1 0.1 0.1
Bl'Omochloromethane 6.2 11.4 20.8 23.5 24.1 25.6 26.2
N-butylilmll\tl l.S of

Carbon tetrachloride 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Chlorobenzene 0.3 0.3 0.3 0.2 0.1 0.1 0.2
Chloroform 0.3 1.8 4.9 4.7 5.5 6.2 1.3
Cydohel<Mone 0.0 0.0 0.7 -0.1 -0.1 -0.1 -0.1
1.2-dichlo:obenzene 0.1 0.1 0.0 0.1 0.1 0.1 0.1
1.2·dtch!oroethan~ 0.1 0.4 1.3 2.1 2.7 2.8 3.1
trnns-1.2-dtchJoroethylene 0.0 0.4 0.7 1.2 2.4 4.6 8.1
Di.thylam\n~ 0.2 1.8 2.0 1.9 2.0 20 2.0
DlmethylfortnarnJde 1.8 3.0' F
CilSoline (93 octane. unleaded) 0.0 0.0 0.1 -0.1 -0.1 -0.1 -0.1
Hexane (35% N-hexane) 0.0 0.0 0.0 0.0 -{J.1 -0.2 ..{).l
Hydrochloric acid (25% wlv) 0.1 0.3 0.1 -1).2 -1).4 -1.9 -4.7
I<erosene (1<-1) 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Methyl alcohol 0.5 1.8 2.9 3.'2 3.9 5.2 7.7
Methyl ethyl Ic.eton~ 0.2 1.3 2.2 2.4 2.4 2.6 3.0

Methylene chloride 4.3 9.7 14.4 15.0 15.4 15.3 15.6
Nib'oben.tene 0.3 OOS 0.6 0..5 0.3 O.S 0.4
Sodium hydro'Cide (25% w/v) 0.1 0.2 0.2 0.0 0.2 0.2 0.2
retr~chloroethylen(.> 0.0 0.0 0.1 -0.1 0.0 0.0 0.0
Tetnhydroturan 0.2 0.7 1.6 2.2 2.6 3.1 3.3
Toluene 0.0 0.0 0.0 -1).1 0.0 0.0 0.0
trichlomE!thyle:1.e 0.1 0.2 0.2 0.2 0.2 0.3 0.3

)., o·xylelll~ 0.0 0.0 0.0 -0.1 ...(J.1 -1).1 -0.1

• particles beg-an to flake off coupon
f fibers sep..rat~d

)
/.

chloroothylene) (Tables 2, 3). The weight gains
were slightly less for FEP than PTFE.We did not
observe any softening, swelling. or decrease in
strength in any of these samples when compared
with unexposed test pieces. For reference, the fi
nal pH of the 25% Hel solution containing the
PTFE samples was -0.75 and the final pH of the
25% NaOH solution containing the PTFE samples
waS 13.4. .

The PRE well casing material used in this
study had a glossy external surface and a dull
(frosted) internal surface. Three organic chemi
cals (acetic acid, N-butylamine, and dimethyl,
formamide) caused some flaking of the external
surface within the first week and separation 'of
the glass fibers after one to eight weeks. N-butyl
amine delaminated FRE after five weeks. The
particles that fll\ked off the test pieces did not ap
pear to dissolve with time. No further weight

s

mei\surements Were made on these samples.
Eight other samples had weight gains of 1 to 10%,
and samples exposed to bromochloromethane
(26.2%) and methylene chloride (15.6%) had the
largest weight gains (Table 4). The sample ex
posed to the hydrochloric acid .solution lost
weight (-5%), most llkely a result of loss of the
epoxy resin. The alkaline solution had no effect
on this material. None of the FRE specimens ap
peared to swel..l or soften, not even the sample3
with the largest weIght gain. Some £raying of the
edges was observed on some specimens, but it
is not clear whether this was due to chemical ex
posure, cutting, or handling. In general, FRS did
not appear to be affected by the hydrocarbons or
aromatic solvents.

FRP was more severely degraded than the pre
vious materials. Eight oxganic: solvents (bromo
chloromethane, N,butylamine, chlorofonn, 1,2-
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Table 4. Percentage weight gain of FRE exposed to C'hentIcal treatment.
J:

Canted time (J41{$)

Chrnlical 14 21 28 55 Il2

Acetic acid (glacial) 0.9 2.3' 3.1 3.6 3.6 }'

Acetone 0.6 La 1.8 1.9 2.0 2.2 2.1
Benzaldehyde 0.1 0.1 0.5 0.4 0.3 0.2 0.3
Benzene 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Benzyl alcohol 0.1 0.1 0.3 0.1 0.1 0.1 0.1
Bl'Omochloromethane 6.2 11.4 20.8 23.5 24.1 25.6 26.2
N-butylilmll\tl l.S of

Carbon tetrachloride 0.1 0.1 0.0 0.0 0.0 0.0 0.0
Chlorobenzene 0.3 0.3 0.3 0.2 0.1 0.1 0.2
Chloroform 0.3 1.8 4.9 4.7 5.5 6.2 1.3
Cydohel<Mone 0.0 0.0 0.7 -0.1 -0.1 -0.1 -0.1
1.2-dichlo:obenzene 0.1 0.1 0.0 0.1 0.1 0.1 0.1
1.2·dtch!oroethan~ 0.1 0.4 1.3 2.1 2.7 2.8 3.1
trnns-1.2-dtchJoroethylene 0.0 0.4 0.7 1.2 2.4 4.6 8.1
Di.thylam\n~ 0.2 1.8 2.0 1.9 2.0 20 2.0
DlmethylfortnarnJde 1.8 3.0' F
CilSoline (93 octane. unleaded) 0.0 0.0 0.1 -0.1 -0.1 -0.1 -0.1
Hexane (35% N-hexane) 0.0 0.0 0.0 0.0 -{J.1 -0.2 ..{).l
Hydrochloric acid (25% wlv) 0.1 0.3 0.1 -1).2 -1).4 -1.9 -4.7
I<erosene (1<-1) 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Methyl alcohol 0.5 1.8 2.9 3.'2 3.9 5.2 7.7
Methyl ethyl Ic.eton~ 0.2 1.3 2.2 2.4 2.4 2.6 3.0

Methylene chloride 4.3 9.7 14.4 15.0 15.4 15.3 15.6
Nib'oben.tene 0.3 OOS 0.6 0..5 0.3 O.S 0.4
Sodium hydro'Cide (25% w/v) 0.1 0.2 0.2 0.0 0.2 0.2 0.2
retr~chloroethylen(.> 0.0 0.0 0.1 -0.1 0.0 0.0 0.0
Tetnhydroturan 0.2 0.7 1.6 2.2 2.6 3.1 3.3
Toluene 0.0 0.0 0.0 -1).1 0.0 0.0 0.0
trichlomE!thyle:1.e 0.1 0.2 0.2 0.2 0.2 0.3 0.3

)., o·xylelll~ 0.0 0.0 0.0 -0.1 ...(J.1 -1).1 -0.1

• particles beg-an to flake off coupon
f fibers sep..rat~d

)
/.

chloroothylene) (Tables 2, 3). The weight gains
were slightly less for FEP than PTFE.We did not
observe any softening, swelling. or decrease in
strength in any of these samples when compared
with unexposed test pieces. For reference, the fi
nal pH of the 25% Hel solution containing the
PTFE samples was -0.75 and the final pH of the
25% NaOH solution containing the PTFE samples
waS 13.4. .

The PRE well casing material used in this
study had a glossy external surface and a dull
(frosted) internal surface. Three organic chemi
cals (acetic acid, N-butylamine, and dimethyl,
formamide) caused some flaking of the external
surface within the first week and separation 'of
the glass fibers after one to eight weeks. N-butyl
amine delaminated FRE after five weeks. The
particles that fll\ked off the test pieces did not ap
pear to dissolve with time. No further weight

s

mei\surements Were made on these samples.
Eight other samples had weight gains of 1 to 10%,
and samples exposed to bromochloromethane
(26.2%) and methylene chloride (15.6%) had the
largest weight gains (Table 4). The sample ex
posed to the hydrochloric acid .solution lost
weight (-5%), most llkely a result of loss of the
epoxy resin. The alkaline solution had no effect
on this material. None of the FRE specimens ap
peared to swel..l or soften, not even the sample3
with the largest weIght gain. Some £raying of the
edges was observed on some specimens, but it
is not clear whether this was due to chemical ex
posure, cutting, or handling. In general, FRS did
not appear to be affected by the hydrocarbons or
aromatic solvents.

FRP was more severely degraded than the pre
vious materials. Eight oxganic: solvents (bromo
chloromethane, N,butylamine, chlorofonn, 1,2-
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Table 5. Pe1'1:entage weight gain of FRP exposed to chemical treatment. '\
\

CUllt,et time (d11!J1) " ~
Ckmicol 7 14 21 28 56 112

Acetic add (glacial) 0.3 0.2 0.3 0.6 0.7 0.9 1.5

Acetone 0.2 2.5 5.0 5.s 5.6 5.6 5.6
Benzaldehyde 0.5 O.S 0.8 0.7 0.7 0.8 1.3

Benzene 0.0 0.1 0.2 0.2 0.3 0.4 O.B
Benzyl alcohol 0.4 0.3 0.5 0.3 0.4 0.4 0.5

Bromoch.loromeU1ane tl.2 L
N.butylamine -C.2 0.3 1.3 L
Carbon tetrachloride 0.1 0.1 0.1 0.2 0.1 0.1 0.2
Chlorobenzene 0.7 0.8 1.5 2.1 2.8 4.5 7.8
ChIorofonn 6.5 L
Cydohexanonc 0.2 0.2 1.1 0.3 0.6 0.5 0.1
1,2-<Uchloroben:tene 0.6 0.7 0.7 0.8 O.ll 1.0 1.1
l,2·dichioroeUtane 1.0 14.0 14.6 L
frQns-l,2·dichloroo:thyl.me 7.6 11.2 L
DiethylamIne 0.0 0.1 0.4 0.4 0.8 1.9 3.5
DimethvUormaxnlde 0.3 1.1 l3 4.4 6.2 8.7 8.3
Gasoline (93 octane, Ul\leaded) 0.1 0.1 0.4 0.2 0.1 0.1 0.1
He~ane (85% N-hexane) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrochloric acid (25% wIv) O.t 0.1 -C.2 -0.4 -0.7 -1.8 -S.O
I<elCsen~ (1(-1) 0.1 0.1 0.2 0.2 0.2 0.2 02
Methyl alcohol 0.2 0.6 (l.9 0.9 1.1 1.5 1,9
Methyl ethyllcetone 0.1 15 3.6 4.6 4.9 .4.8 4.8
Methylene duonde L
Nitrobenzene 0.7 0.9 0.8 0.7 0.7 0.8 1.0
Sodium hydroxide (25% wIv) 0.0 0.1 -0.1 -0.2 -{J.2 0.4 1.5
Tetra.chluroethylene 0.1 0.2 0.3 0.2 0.3 0.4 0.5
Tetrahydrofucan 0.3 2.S 6.9 9.9 L
Toluene 0.1 0.2 0.2 0.3 0.3 0.5 0.9
TrichJoroeU,ylene O.B 7.9 16.7 16.3 L
(",xylene 0.0 0.1 0.1 0.0 0.1 0.2 0.2 \)
L glass fiber sheets xp;u:ated \

'. _/

dichloroethane, trans-l,2-dichloroethylene, meth
ylene chloride, tetrahydroful'an, and trichloro
ethylene) delaminated it, Le., the fiberglass sheets
separated. This occurred within the first 24 hours
for methvlene chloride alld within the first one to
four we;ks for the other solvents. The samples
that were delaminated more slowly had weight
gains of -1 to 16% and showed signs of swelling
(i.e./liquid could be squeezed out 01 the material)
prior to the sheets separating, Eleven other chem
icals (including the glacial acetic acid and the so
dium hydn.'xide solution) caused weight gains of
1 to 10% (1able 5). None of these chemicals caused
any noticeable sweUmg or softening. Again, some
of the specimens showed frayed edges, although
this may ha.v~ resulted from cutting or handling
and not chemical exposure. As with FRE, the hy
drochloric acid solution caused a slight loss in
weight (5%). FRP appeared to be unaffected by
hydrocarbons and the nonpolar chlorinated sol·
vents.

6

PVC appeared to be much more readily de
graded than the previous materials. By the end of
the study, ten chemicals dissolved or so softened
PVC that the test piece could not be weighed be
cause it disintegrated (Table 6). Four chemicals
had this effect within the first day. Ten other
chemicals appeared to soften PVC and four of
those chemicals caused weight gains that ex~

ceeded 100%. Squeezing the s%llen specimens
forced out some of the liquid. Only nine of the
thirty chemicals used in this studyhad little orno
effect on Pvc. These chemicals were the neat
acid, the acid and hydroxide solutions, the two
alcohols, three hydrocarbons (gasoline, hexane,
and kerosene) and carhon tetrachloride. In gen
eral. PVC is especially susceptible to degradation
by polnr. non-hydrogen-bonded solvents."

• Personal communication, Danie! C. Leggett, Research
Chemist, CRREL, 1994.
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Table 5. Pe1'1:entage weight gain of FRP exposed to chemical treatment. '\
\

CUllt,et time (d11!J1) " ~
Ckmicol 7 14 21 28 56 112

Acetic add (glacial) 0.3 0.2 0.3 0.6 0.7 0.9 1.5

Acetone 0.2 2.5 5.0 5.s 5.6 5.6 5.6
Benzaldehyde 0.5 O.S 0.8 0.7 0.7 0.8 1.3

Benzene 0.0 0.1 0.2 0.2 0.3 0.4 O.B
Benzyl alcohol 0.4 0.3 0.5 0.3 0.4 0.4 0.5

Bromoch.loromeU1ane tl.2 L
N.butylamine -C.2 0.3 1.3 L
Carbon tetrachloride 0.1 0.1 0.1 0.2 0.1 0.1 0.2
Chlorobenzene 0.7 0.8 1.5 2.1 2.8 4.5 7.8
ChIorofonn 6.5 L
Cydohexanonc 0.2 0.2 1.1 0.3 0.6 0.5 0.1
1,2-<Uchloroben:tene 0.6 0.7 0.7 0.8 O.ll 1.0 1.1
l,2·dichioroeUtane 1.0 14.0 14.6 L
frQns-l,2·dichloroo:thyl.me 7.6 11.2 L
DiethylamIne 0.0 0.1 0.4 0.4 0.8 1.9 3.5
DimethvUormaxnlde 0.3 1.1 l3 4.4 6.2 8.7 8.3
Gasoline (93 octane, Ul\leaded) 0.1 0.1 0.4 0.2 0.1 0.1 0.1
He~ane (85% N-hexane) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrochloric acid (25% wIv) O.t 0.1 -C.2 -0.4 -0.7 -1.8 -S.O
I<elCsen~ (1(-1) 0.1 0.1 0.2 0.2 0.2 0.2 02
Methyl alcohol 0.2 0.6 (l.9 0.9 1.1 1.5 1,9
Methyl ethyllcetone 0.1 15 3.6 4.6 4.9 .4.8 4.8
Methylene duonde L
Nitrobenzene 0.7 0.9 0.8 0.7 0.7 0.8 1.0
Sodium hydroxide (25% wIv) 0.0 0.1 -0.1 -0.2 -{J.2 0.4 1.5
Tetra.chluroethylene 0.1 0.2 0.3 0.2 0.3 0.4 0.5
Tetrahydrofucan 0.3 2.S 6.9 9.9 L
Toluene 0.1 0.2 0.2 0.3 0.3 0.5 0.9
TrichJoroeU,ylene O.B 7.9 16.7 16.3 L
(",xylene 0.0 0.1 0.1 0.0 0.1 0.2 0.2 \)
L glass fiber sheets xp;u:ated \

'. _/

dichloroethane, trans-l,2-dichloroethylene, meth
ylene chloride, tetrahydroful'an, and trichloro
ethylene) delaminated it, Le., the fiberglass sheets
separated. This occurred within the first 24 hours
for methvlene chloride alld within the first one to
four we;ks for the other solvents. The samples
that were delaminated more slowly had weight
gains of -1 to 16% and showed signs of swelling
(i.e./liquid could be squeezed out 01 the material)
prior to the sheets separating, Eleven other chem
icals (including the glacial acetic acid and the so
dium hydn.'xide solution) caused weight gains of
1 to 10% (1able 5). None of these chemicals caused
any noticeable sweUmg or softening. Again, some
of the specimens showed frayed edges, although
this may ha.v~ resulted from cutting or handling
and not chemical exposure. As with FRE, the hy
drochloric acid solution caused a slight loss in
weight (5%). FRP appeared to be unaffected by
hydrocarbons and the nonpolar chlorinated sol·
vents.

6

PVC appeared to be much more readily de
graded than the previous materials. By the end of
the study, ten chemicals dissolved or so softened
PVC that the test piece could not be weighed be
cause it disintegrated (Table 6). Four chemicals
had this effect within the first day. Ten other
chemicals appeared to soften PVC and four of
those chemicals caused weight gains that ex~

ceeded 100%. Squeezing the s%llen specimens
forced out some of the liquid. Only nine of the
thirty chemicals used in this studyhad little orno
effect on Pvc. These chemicals were the neat
acid, the acid and hydroxide solutions, the two
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and kerosene) and carhon tetrachloride. In gen
eral. PVC is especially susceptible to degradation
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Methylene duonde L
Nitrobenzene 0.7 0.9 0.8 0.7 0.7 0.8 1.0
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dichloroethane, trans-l,2-dichloroethylene, meth
ylene chloride, tetrahydroful'an, and trichloro
ethylene) delaminated it, Le., the fiberglass sheets
separated. This occurred within the first 24 hours
for methvlene chloride alld within the first one to
four we;ks for the other solvents. The samples
that were delaminated more slowly had weight
gains of -1 to 16% and showed signs of swelling
(i.e./liquid could be squeezed out 01 the material)
prior to the sheets separating, Eleven other chem
icals (including the glacial acetic acid and the so
dium hydn.'xide solution) caused weight gains of
1 to 10% (1able 5). None of these chemicals caused
any noticeable sweUmg or softening. Again, some
of the specimens showed frayed edges, although
this may ha.v~ resulted from cutting or handling
and not chemical exposure. As with FRE, the hy
drochloric acid solution caused a slight loss in
weight (5%). FRP appeared to be unaffected by
hydrocarbons and the nonpolar chlorinated sol·
vents.

6

PVC appeared to be much more readily de
graded than the previous materials. By the end of
the study, ten chemicals dissolved or so softened
PVC that the test piece could not be weighed be
cause it disintegrated (Table 6). Four chemicals
had this effect within the first day. Ten other
chemicals appeared to soften PVC and four of
those chemicals caused weight gains that ex~

ceeded 100%. Squeezing the s%llen specimens
forced out some of the liquid. Only nine of the
thirty chemicals used in this studyhad little orno
effect on Pvc. These chemicals were the neat
acid, the acid and hydroxide solutions, the two
alcohols, three hydrocarbons (gasoline, hexane,
and kerosene) and carhon tetrachloride. In gen
eral. PVC is especially susceptible to degradation
by polnr. non-hydrogen-bonded solvents."

• Personal communication, Danie! C. Leggett, Research
Chemist, CRREL, 1994.
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ASS was by far the most readily degraded
polymer. After only one day, nineteen of the
thirty chemicals tested either dissolved ABS or
softened it to the point where it fell apart (Table
7). Four other chemicals caused either softening
or swelling of the test coupon on the first day. By
the end of the study, only the acid and alkali solu
tions had little effect (-1% weight gain). While
ABS is susceptible to organic solvents in general,
it is especially susceptible to polar solvents."
Clearly, ABS is a poor choice where exposure to
l1eat organic solvents may be involved.

Table 8 compares the chemical resistance rat
ings from the Cole-Pann.er catalog and the Nalge
catalog with our (CRREL) findings. In order to
compare our results with the chemlc:al resistance

• Personal commuxUcatlon, Daniel C. Leggett. Research
Chemist. CRREL. 1994.

7

ratings given by Cole-Panner and Nalge compa
nies, we developed the following classification
scheme for our data:

A. Excellent. Any chemical that had Uttle or no
effect on the material, Le., where the change in
weight was 1% or less.

B. Good. Any chemical that had only a minor
effect, i.e., there was no observable effect except
for a slight change in weight (from 1 to 5%). .

C. Moderate effect. Those chemicals that caused
mote than a 5% change in weight with no other
observable changes.

D. UnllccepfQb~. Any chemical that caused the
material to swell, soften, dissolve, delaminate, or
that caused particles to fall off.

While we reali2e that our rating system was
totally arbitrary, we generally had good agree
ment between our results and those given in the
Cole-Parmer catalog. This was especially true for
PTFE and ABS. For these materials there were
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ASS was by far the most readily degraded
polymer. After only one day, nineteen of the
thirty chemicals tested either dissolved ABS or
softened it to the point where it fell apart (Table
7). Four other chemicals caused either softening
or swelling of the test coupon on the first day. By
the end of the study, only the acid and alkali solu
tions had little effect (-1% weight gain). While
ABS is susceptible to organic solvents in general,
it is especially susceptible to polar solvents."
Clearly, ABS is a poor choice where exposure to
l1eat organic solvents may be involved.

Table 8 compares the chemical resistance rat
ings from the Cole-Pann.er catalog and the Nalge
catalog with our (CRREL) findings. In order to
compare our results with the chemlc:al resistance

• Personal commuxUcatlon, Daniel C. Leggett. Research
Chemist. CRREL. 1994.

7

ratings given by Cole-Panner and Nalge compa
nies, we developed the following classification
scheme for our data:

A. Excellent. Any chemical that had Uttle or no
effect on the material, Le., where the change in
weight was 1% or less.

B. Good. Any chemical that had only a minor
effect, i.e., there was no observable effect except
for a slight change in weight (from 1 to 5%). .

C. Moderate effect. Those chemicals that caused
mote than a 5% change in weight with no other
observable changes.

D. UnllccepfQb~. Any chemical that caused the
material to swell, soften, dissolve, delaminate, or
that caused particles to fall off.

While we reali2e that our rating system was
totally arbitrary, we generally had good agree
ment between our results and those given in the
Cole-Parmer catalog. This was especially true for
PTFE and ABS. For these materials there were

DEC 05 2005 16:21 4156422097 PAGE.07

12/05(2005 05:15 FAX 4156422097 U SAVE

DEC-02-2005 16:47 LAYFIELD ENVIRONMENTAL

T~bJe 6. Percl!nbge weight gain of PVC exposed to chemical treatmenl

CO/tIilCl/i,lll (dl1!ls)

6195621150
@001

P.0?

0.1 0.2 0.1 0.1 0.1
0.6 0.7 0.8 1.2 1.7

51.6 50.9 50.7 50.6 S1.4
72,8 '70.1 . 71.0 '70.5 70.9
17.1 23.0 28,2 44.4 65.7

14 11 28

0.1 0.1 0.1
157.3 158.8 159.8
220.3 222.8 223.9

208.6 214.5 217.7

56.2 56.0 56.3
20.4 23.9 31.85

0.0 0.0 0.1
-C.l -C. I -C.l
0.0 0.1 0.3
0.0 0,0 0.0
0.2 0.3 0.4

CktrnicaJ 7

Acetic add (glilcial) 0.1 0.1

Acetone 142.65 145.5
&:JUaldehyde 100.9' D
Sem.ene 7.2 29.7S
Benzyl alcohol 0.0 o.a
Brolnochloromelhane D
N-bulylamine 63.85 m.o
Carbon tetrachloride 0.0 0.1
Chlorobe~ene 57.2' 151.1
ChlorofoTTl\ 144.2" 216.1
Cyclohexal\Ol\e 0
l,2·dJch!orobelUene 16.es 73.5
1.2-dlclUoroethane 206.6' 352..4
tr~m-l.2-di<:hJoroethylene 49.65 57.7
Di~Ihylamine 2.S 8.7
Dime~.ylfnrm;un(de 0
Gasoline (93 octant!. onleaded) 0.0 0,0

Hexane (85'Y. N·hexanel 0.0 0.0
Hydrochloric acid (25% wj'l) 0.2 0.2
Kerosene (K-ll 0.1 0.1

Me~hyl alcohol 0.4 0.1
Methyl \!lhyll<etone 198.95 0
Methylene ch.ll,ride 454.95 0
Nilrobenzene 138.1' 0
Sodium hydroldde (25% w Iv) 0.0 0.0
TeltachJoroethylem: OJ 0.4
rella.hydrofW'lU\ 0

"- Tol\.lC!I\e lOS 38.4'
\ Trichloroelhylene 34.95 71.3

) a-xylene 3.8 11.7·

0.2 0.2
146.7 151.4

45.4 49.S
0.1 0.1

110.7 0
0.0 0.1

153.0 156.6
218.2 221.9

1343 206,6
0
575 56.2
13.8 17.2

0.2 Cl,O
0.0 . -C.l
0.1 0,1
0.0 0.0
0.2 0.2

0.3
156.4

49.2

0.1

56 112

0.2 0.4
157.3 157.8

48.8 46.7
0.1 0.1

D di~olved or dlsintegrnled upon handling
5 /irst ob5t?rvation of sweUin~aIlJiIC'r $Oftening

!
/

ASS was by far the most readily degraded
polymer. After only one day, nineteen of the
thirty chemicals tested either dissolved ABS or
softened it to the point where it fell apart (Table
7). Four other chemicals caused either softening
or swelling of the test coupon on the first day. By
the end of the study, only the acid and alkali solu
tions had little effect (-1% weight gain). While
ABS is susceptible to organic solvents in general,
it is especially susceptible to polar solvents."
Clearly, ABS is a poor choice where exposure to
l1eat organic solvents may be involved.

Table 8 compares the chemical resistance rat
ings from the Cole-Pann.er catalog and the Nalge
catalog with our (CRREL) findings. In order to
compare our results with the chemlc:al resistance

• Personal commuxUcatlon, Daniel C. Leggett. Research
Chemist. CRREL. 1994.

7

ratings given by Cole-Panner and Nalge compa
nies, we developed the following classification
scheme for our data:

A. Excellent. Any chemical that had Uttle or no
effect on the material, Le., where the change in
weight was 1% or less.

B. Good. Any chemical that had only a minor
effect, i.e., there was no observable effect except
for a slight change in weight (from 1 to 5%). .

C. Moderate effect. Those chemicals that caused
mote than a 5% change in weight with no other
observable changes.

D. UnllccepfQb~. Any chemical that caused the
material to swell, soften, dissolve, delaminate, or
that caused particles to fall off.

While we reali2e that our rating system was
totally arbitrary, we generally had good agree
ment between our results and those given in the
Cole-Parmer catalog. This was especially true for
PTFE and ABS. For these materials there were

DEC 05 2005 16:21 4156422097 PAGE.07

12/05(2005 05:15 FAX 4156422097 U SAVE

DEC-02-2005 16:47 LAYFIELD ENVIRONMENTAL

T~bJe 6. Percl!nbge weight gain of PVC exposed to chemical treatmenl

CO/tIilCl/i,lll (dl1!ls)

6195621150
@001

P.0?

0.1 0.2 0.1 0.1 0.1
0.6 0.7 0.8 1.2 1.7

51.6 50.9 50.7 50.6 S1.4
72,8 '70.1 . 71.0 '70.5 70.9
17.1 23.0 28,2 44.4 65.7

14 11 28

0.1 0.1 0.1
157.3 158.8 159.8
220.3 222.8 223.9

208.6 214.5 217.7

56.2 56.0 56.3
20.4 23.9 31.85

0.0 0.0 0.1
-C.l -C. I -C.l
0.0 0.1 0.3
0.0 0,0 0.0
0.2 0.3 0.4

CktrnicaJ 7

Acetic add (glilcial) 0.1 0.1

Acetone 142.65 145.5
&:JUaldehyde 100.9' D
Sem.ene 7.2 29.7S
Benzyl alcohol 0.0 o.a
Brolnochloromelhane D
N-bulylamine 63.85 m.o
Carbon tetrachloride 0.0 0.1
Chlorobe~ene 57.2' 151.1
ChlorofoTTl\ 144.2" 216.1
Cyclohexal\Ol\e 0
l,2·dJch!orobelUene 16.es 73.5
1.2-dlclUoroethane 206.6' 352..4
tr~m-l.2-di<:hJoroethylene 49.65 57.7
Di~Ihylamine 2.S 8.7
Dime~.ylfnrm;un(de 0
Gasoline (93 octant!. onleaded) 0.0 0,0

Hexane (85'Y. N·hexanel 0.0 0.0
Hydrochloric acid (25% wj'l) 0.2 0.2
Kerosene (K-ll 0.1 0.1

Me~hyl alcohol 0.4 0.1
Methyl \!lhyll<etone 198.95 0
Methylene ch.ll,ride 454.95 0
Nilrobenzene 138.1' 0
Sodium hydroldde (25% w Iv) 0.0 0.0
TeltachJoroethylem: OJ 0.4
rella.hydrofW'lU\ 0

"- Tol\.lC!I\e lOS 38.4'
\ Trichloroelhylene 34.95 71.3

) a-xylene 3.8 11.7·

0.2 0.2
146.7 151.4

45.4 49.S
0.1 0.1

110.7 0
0.0 0.1

153.0 156.6
218.2 221.9

1343 206,6
0
575 56.2
13.8 17.2

0.2 Cl,O
0.0 . -C.l
0.1 0,1
0.0 0.0
0.2 0.2

0.3
156.4

49.2

0.1

56 112

0.2 0.4
157.3 157.8

48.8 46.7
0.1 0.1

D di~olved or dlsintegrnled upon handling
5 /irst ob5t?rvation of sweUin~aIlJiIC'r $Oftening

!
/

ASS was by far the most readily degraded
polymer. After only one day, nineteen of the
thirty chemicals tested either dissolved ABS or
softened it to the point where it fell apart (Table
7). Four other chemicals caused either softening
or swelling of the test coupon on the first day. By
the end of the study, only the acid and alkali solu
tions had little effect (-1% weight gain). While
ABS is susceptible to organic solvents in general,
it is especially susceptible to polar solvents."
Clearly, ABS is a poor choice where exposure to
l1eat organic solvents may be involved.

Table 8 compares the chemical resistance rat
ings from the Cole-Pann.er catalog and the Nalge
catalog with our (CRREL) findings. In order to
compare our results with the chemlc:al resistance

• Personal commuxUcatlon, Daniel C. Leggett. Research
Chemist. CRREL. 1994.

7

ratings given by Cole-Panner and Nalge compa
nies, we developed the following classification
scheme for our data:

A. Excellent. Any chemical that had Uttle or no
effect on the material, Le., where the change in
weight was 1% or less.

B. Good. Any chemical that had only a minor
effect, i.e., there was no observable effect except
for a slight change in weight (from 1 to 5%). .

C. Moderate effect. Those chemicals that caused
mote than a 5% change in weight with no other
observable changes.

D. UnllccepfQb~. Any chemical that caused the
material to swell, soften, dissolve, delaminate, or
that caused particles to fall off.

While we reali2e that our rating system was
totally arbitrary, we generally had good agree
ment between our results and those given in the
Cole-Parmer catalog. This was especially true for
PTFE and ABS. For these materials there were

DEC 05 2005 16:21 4156422097 PAGE.07



----.J.2/05/2005 05: 15 FAX 4156422097 U SAVE

DEC-02-2e~5 15:47 LAYFIELD ENVIRONMENTAL 6195621150
~006
P.06

Table 7. Petcentage weight-gain of ADS exposed 10 chemical treatmenl

Contact time (day,)
CI:~trljrl11 7 14 21 28 56 HZ

110.8 112.9 105.5 108.6 110.6 112.8

50.0' 56.6 58.4 58.7 60.9 61.9
5.8 8.7 9.Q 11.2 13.4 15.1
0.5 0.5 0.6 0.6 0.9 1.2
1.4 2.0 2.7 ~.3 5.6 8.9

10-0 13.0 150 165 21.8 27.8

0.8 0.8 0.7 0.8 0.7 0.9
211.2 232.7 237.2 Z36.9 245.7 251.2
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Acetone
Bemaldehyde
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Benzyl alcohol
BromocilJorotnethaM
N-butyJamlne
Ca rbon.tetrachloride
ChIorobenzene
Chloroform
Cyclohexanone
1,2-did\lorobenzene
1,2-dicltloroetha.ne
trlJ1lS-1,2·dicltloroethyl tne
Dlethybmh\e
Dimethylformamide
Gasoline (93 ocl8!lt'. unleaded)
Hexane (85"/. N-hexane)
Hydrochloric acid (25% w/v)
KerosendK·!)
Methyl alcohol
Methyl ethyl ketone
Methylene chloride
Nitrobenzene
Sodium hydroxide (25% wlv)
Tetrachloluethylene
Tetrahydrofuran
Toluene
Trichloroo!thylene
o-xylene
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M.O

291.2

70.7

303.3

76.8

317.2

o dissolved or disintegrlltcd upon handllJlg
s first observation of swelling ll1ld/or softening

only five or six chemicals (respectively) where the
ratings did not agree (given in bold print in Table
8). (There were nO listings for PEP or PRE) The
largest disparity is between their ratings for "ep
oxy" and our findings lor PRE. For FRE, we would
change the ratings for 17 of the 30 chemicals tested,
al~hough there is no trend in either direction. The
differences between "epoxy" and FRE most likely
account fOI these differences. Differences in con
tact time may also explain some of these differ
ences. For PVC we would change the ratings for
seven chemicals, raising it (or six of them.

GeneraHy, our results agreed with those of the
Nalge Company for PTFE, FEP, and rigid PVC.
There were exceptiom for two chemicals (TCE
and chloroform) For PTFE and one e)(ception £01'

FEP (TCE)- For rigid PVC there were six chemi
cals where our results did not agree; we would
raise the rating for four of those chemicals.

8

CONCLUSIONS AND
RECOMMENDATIONS

Based on our findings, we would lank the re
sistance oE these materials to organic solvents,
from greatest to least resistance, as: FEP-PTFE>
PRE> FRP> PVC> ABS. This ranking should be
used only as a general guide, not as a rule. FRE,
FRP, ASS, and PVC casing materials should be
tested with any chemical they are going to be eX
posed to, if they haven't been already. It appears
that all the materials have excellent resistance to
alkaline conditions e."<cept FRP, which was only
slightly aff~eted. With respect to exposure to
acidic conditions. FEp, PTFE, and PVC aU have
excellent resistance, ABS was slightly affected,
and PRE and FRP were affected the most, al~

though weight losses were only S% by the end of
the study.
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Based on our findings and those in other~tud
ies (Cowgill 1988, Ranney and Parker 1994), we
feel that FRE appears to make an excellent candi
date material for monitoring organics. It is rela
tively nonsorptive of dissolved organic solu~s

(Ranney and Parker 1994) and is more resistant to
degradation by solvents than the more com
monly used PVc. Also, our previous study (Ran
ney and Parker 1994) and that of Cowgill (1988)
show that FRE doe" not leach many organic con
taminants that would interfere with analyses.
However, because we found that strongly acidic
candltions (pH <1) degraded this polymer, its use
in acidic environments may be limited. Further
tests are needed to resolve this issue.

In this study and our previous study (Ranney
and Parker 1994), FEP performed similarly to
PTFE. These polymers are very resistant to degra
dation by chemicals, do not appear to leach or
ganic contaminants, but are quite sorptlve of
some organic solutes. FEP does not appear to of
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Wind Rose Plot for Parcel E Meteorological Station
Period of Data Collected: September 17, 2002 To July 22, 2004
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Notes:

The meteorological station records wind
speed and wind direction every second;
hourly averages are computed and
used to generate this wind rose.

Calms included at center.
Rings drawn at 5% intervals.
Wind flow is FROM the directions shown.
No observations were missing.

PERCENT OCCURRENCE: Wind Speed (Miles Per Hour)
LOWER BOUND OF CATEGORY

D1R 2 !Q 12 20 25 30
N 1.13 0.14 0.01 0.00 0.00 0.00

NNE 1.16 0.0 I 0.00 0.00 0.00 0.00
NE 0.40 0.00 0.0 I 0.00 0.00 0.00

ENE 0.s5 0.08 0.01 0.00 0.00 0.00
E 1.18 0.09 0.11 0.03 0.00 0.00

ESE 0.87 0.11 0.01 0.00 0.00 0.00
SE 1.29 0.33 0.31 0.07 0.02 0.00

SSE 1.28 0.51 0.32 0.05 0.01 0.0 I
TOTAL OBS ~ 16173 MISSING OBS ~ 0

PERCENT OCCURRENCE: Wind Speed (Miles Per Hour)
LOWER BOUND OF CATEGORY

DJR 2 !Q 12 20 25 30
S 0.69 0.41 0.34 0.10 0.03 0.01

SSW 0.86 0.37 0.15 0.04 0.03 0.01
SW 1.64 0.63 0.25 0.09 0.01 0.00

WSW 4.32 3.98 1.52 0.17 0.01 0.00
W 6.20 9.97 6.48 0.93 0.08 0.01

WNW 7.67 5.31 2.50 0.57 0.02 0.00
NW 1.73 0.32 0.01 0.00 0.00 0.00

NNW 0.79 0.19 0.00 0.00 0.00 0.01
CALM OBS ~ 5092 PERCENT CALM ~ 31.48

Percen age nngs In lea e e percen age 0 Ime e win was OWing om a ce aln Ire Ion an 00 mg a e
breakdown of speeds in each bar, the wind was blowing from a certain direction at a certain wind speed. For each direction ~
(or bar), the percentages of each wind speed interval add up to the total time the wind was blowing from that direction, which I.I.:;J Tetra Tech EM Inc.
is indicated by the total length of the bar. The total times for each direction are noted at the end of the bars.
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Percen age nngs In lea e e percen age 0 Ime e win was OWing om a ce aln Ire Ion an 00 mg a e
breakdown of speeds in each bar, the wind was blowing from a certain direction at a certain wind speed. For each direction ~
(or bar), the percentages of each wind speed interval add up to the total time the wind was blowing from that direction, which I.I.:;J Tetra Tech EM Inc.
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Wind Rose Plot for Parcel E Meteorological Station
Period of Data Collected: September 17, 2002 To July 22, 2004
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Calms included at center.
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